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CHAPTER I 
INTRODUCTION 
Background 
Counties in Oklahoma have an increasing economic 
problem of maintai~ing, repairing, and replacing over 
15,000 county bridges, many of which are in an advanced 
state of deterioration. Heavy trucks with excessive loads 
cause structural damage and wear to some bridges, however 
all bridges deteriorate due to the effects of weather and 
surface wear from vehicles. Bridge decks incur more de-
terioration from weather and wear than any other component 
of a bridge. 
Counties often operate on limited budgets, therefore 
they have need of a self-supported program of bridge main-
tenance, repair, and replacement. This research project 
developed a system of precast concrete panels emphasizing 
efficient design and construction methods for use in deck 
replacement of county bridges. The system is designed to be 
administered and implemented primarily by county work crews. 
Scope and Purpose 
This report contains the results of a research study 
to develop a precast concrete deck replacement system for 
1 
2 
county br1dges. The system was developed to provide an 
alternate method of deck replacement for counties to utilize 
on bridges on the county road system. The panels were de-
signed to act independently after placement on the bridge 
without requirements of any panel-to-panel connections for 
load transfer. Construction is greatly simplified by re-
quiring no on-site casting of concrete or use of grout. 
counties can precast and stockpile the panels at county 
facilities during the winter months, and then place them 
on bridges during months of warm weather. 
An analysis and design of the deck panels were per- ~ 
formed in accordance with American Association of State 
Highway and Transportation Officials (AASHTO) standards. 
Design drawings and a construction procedure were developed 
for implementation by county work forces. An actual test of 
the proposed system was performed by the construction of a 
demonstration bridge which utilized material, equipment, and 
personnel from a county. Success of the proposed system was 
demonstrated by the construction, transport, and placement 
of the bridge deck panels with the county personnel having 
no major problems. 
Chapter II presents the selection of bridges used for 
data analysis in this study; Chapter III presents the con-
figuration, analysis and design of the deck panels. The 
construction of the demonstration bridge is presented in 
Chapter IV. Comparison of the precast concrete panel deck 
and a cast-in-place deck is given in Chapter V. Chapter VI 
3 
presents the compilation and analysis of a mail survey of 
the counties in Oklahoma to ascertain the abilities of 
county work crews to implement this deck replacement method. 
Chapter VII presents a summary, conclusions, and recommen-
dations for further research. A complete set of structural 
calculations for the panels is presented in Appendix A. 
Deck panel drawings, with details, are shown in Appendix B. 
The survey packet mailed to each of the seventy-seven Boards 
of County Commissioners is shown in Appendix c. 
This research project is limited to an evaluation and 
study of the bridge decking and the interface of the bridge 
decking with the support beams. Since replacement of the 
deck on a bridge can affect the load carrying capacity of 
the beams, substructure, and foundation, a registered pro-
fessional engineer should perform a thorough site inves-
tigation and engineering analysis of each specific bridge 
before deck replacement. This research project does not 
address the substructure and foundation. 
Previous Work 
In the late 1960's, precast concrete bridge decks were 
used as an approach to reduce the problem of deterioration 
of concrete bridge decks in Indiana [12]. The concept was 
that higher quality concrete could be produced by precasting 
bridge deck panels in a controlled environment (rather than 
casting bridge decks in the field), and that this higher 
quality concrete would result in less deterioration. 
4 
One of the early bridge deck replacement projects 
utilizing precast panels was in 1970 on a bridge near 
Bloomington, Indiana [12]. The precast deck consisted of 
panels with a minimum thickness of 6 in., at least 4ft long 
(parallel to traffic), and a width of the transverse di-
rection of the bridge. The panels were prestressed in their 
long direction to maintain compressive stresses under full 
design load. The panels were placed on steel beams with 
their long direction transverse to the bridge. After place-
ment and alignment of all panels, the entire deck was post-
tensioned in the longitudinal direction of the bridge to 
provide load transfer between panels. The deck was then 
connected to the beams using spring clips and bolts screwed 
into preset anchors located in the bottom of the panel. The 
joints between panels were tongue and groove with a thin 
neoprene sheet to seal the joint and to help minimize stress 
concentrations due to the post-tensioning. At the time of 
construction, the irregularities of the tongue and groove 
joint created stress concentrations at some locations which 
resulted in spalling at the joint. Also, water was able to 
penetrate the joints at some locations. However, after 
eleven years of performance these minor problems had not 
progressed and the deck was performing very well. 
Precast concrete panels were used for deck replacement 
on a 1,627 ft long bridge on the Pennsylvania Turnpike [13]. 
The use of precast panels increased project safety by min-
imizing the number of personnel required on the 140 ft high 
5 
structure on which traffic was maintained. The panels were 
cast off-site and were 7 ft 6 in. long (parallel to traf-
fic), 63; 4 in. thick, and 28ft 8 in. wide. The panels were 
set directly into position on a grout bed of epoxy mortar on 
the top flange of the beam and connected with bolted spring 
clips. The joints consisted of female keyways on each panel 
which were filled with epoxy mortar to connect the panels 
together. A wearing surface was applied to the panels which 
consisted of 1 1~ in. latex modified concrete. 
During the m1d and late 1970's, the New York Thruway 
Authority developed and implemented a system of precast 
concrete panels which were placed transversely to the bridge 
with composite action between the panels and supporting 
' 
steel beams [15]. The panels were 4 to 5 ft in length 
(parallel to traffic), 7 1; 2 or 8 in. thick, with width as 
required up to 40 ft. The panels were positioned on a bed 
of epoxy mortar placed on top of the beam flanges. The 
panels were connected together on the bridge by female key-
ways on the transverse edges which were filled with epoxy 
mortar. Composite action was achieved with full depth 
blackouts in the panels which were located directly above 
the beams on 15 in. centers. After the panels were in 
position on the bridge, two shear stud connectors were 
welded to the steel beams through the blackout. The 
blackouts were then filled with epoxy mortar. Moisture 
protection and vertical roadway profile were attained by 
application of a waterproof membrane and asphalt concrete 
6 
pavement on the precast panels. Difficulty was experienced 
in controlling voids which appeared in the epoxy mortar 
( 
bedding material placed on the beam flanges. Neoprene edge 
strips were later recommended to support the panels and 
contain the epoxy mortar. Cold weather hampered scheduling 
the placement of the epoxy mortar. 
Research by the University of Virginia Civil Engi-
neering Department [14] presented a system of placing 
precast panels on steel beams. The panels were 6 to 8 ft 
in length (parallel to traffic) with width as needed. The 
panels were placed 12 to 18 in. apart with reinforcing steel 
protruding between adjacent panels. A site-cast concrete 
closure was required to fill the spaces and tie the panels 
together. 
The Thompkins County Public Works Garage [5] in Ithica, 
New York, produced transverse concrete panels for replace-
ment of decks on existing bridges. The panels were designed 
for non-composite action with the supporting beams. The 
panels were cast on a concrete slab inside the garage. The 
dimensions were 4 ft in length (parallel to traffic) by 
28 ft in width with a varying thickness from 6 in. at the 
4 ft edge to 9 in. at the centerline. The varying thickness 
produced a 3 in. crown in the bridge deck. The panels were 
connected together by a tongue and groove joint requiring 
on-site use of grout. The panels were welded to the steel 
beams by an embedded steel plate that was cast into the 
bottom side of the panel. Epoxy-coated reinforcing steel 
7 
was used for corrosion protection. A waterproof membrane 
was applied to the top surface of the concrete panels after 
placement on the bridge. A 11t 2 in. asphalt overlay provided 
the wearing surface. The traffic rail posts were connected 
to bolts embedded in the panels. The panels were designed 
for AASHTO HS20 loading, Grade 60 reinforcing steel, and 
4,000 psi concrete. 
Grady County [6], Oklahoma, produced similar panels in 
1987 to replace the timber deck of an existing bridge. The 
panels were cast on soil inside a county arena. The dimen-
sions of the panels were 4 ft in length (parallel to traf-
fic) with a 26 ft width and a 7 in. thickness. No crown was 
provided in the bridge deck. The panels had a 7 in. steel 
channel embedded on the edges of the 4 ft dimension. The 
panels were placed on the bridge with a space of 1 in. 
between them. They were connected together by welding a 
steel plate across the space to the steel channels of ad-
jacent panels. The entire deck was then connected to the 
steel beams by welding the top flange of the beams to an 
embedded plate cast into the bottom side of the panel. The 
traffic rail posts were welded to the 7 in. channel and to 
the exterior steel beam. There was no specific structural 
design for these panels. The non-composite steel beam 
section of the Oklahoma Department of Transportation's 
{ODOT) County Bridge Standards [8] was used to establish 
panel thickness and reinforcing requirements. These 
standards were developed for the HS20 design loading. 
CHAPTER II 
SELECTION OF BRIDGES FOR STUDY 
Database of Oklahoma Bridges 
The criteria for selection of bridges in this research 
study were developed jointly between the author and person-
nel from the Bridge Division of the Oklahoma Department of 
Transportation (ODOT). The particular bridges that were 
identified for this research were selected from the 15,666 
county bridges that were contained in ODOT's Structural 
Inventory and Appraisal Records in 1989 for bridges in 
Oklahoma. These records were stored on ODOT's mainframe 
computer in Oklahoma City. The 15,666 records of bridges 
were downloaded from the ODOT mainframe computer in June, 
1989 into an IBM PC on the Oklahoma State University campus 
for analysis purposes. 
Selection Criteria 
The design of the precast concrete deck panels con-
tained in this report was developed based upon data that 
identified the geometry, materials, and structural capacity 
of selected study bridges used in this research project. 
For each bridge in the ODOT Structural Inventory and 
Appraisal Record system there are 90 items that identify 
8 
9 
TABLE I 
SELECTION CRITERIA FOR BRIDGES IN STUDY8 
INVENTORY ITEM 
ITEM NUMBER DESCRIPTION VALUE 
21 Custodian 3 
24 Highway System 7 and 11 
42 Type Service on Bridge 1 
43 Structure Type 3 and 4 
43a Type of Design 02 
59 Superstructure Condition ~ 5 
60 Substructure Condition ~ 5 
62 Culverts and Retaining Walls N 
66 Inventory Rating ~ 10 
8Reference [10] 
information related to structural capacity, bridge geometry, 
condition, and usage. Nine of the 90 items were used to 
identify the study bridges that were used in this research. 
All county bridges studied in this research project meet the 
criteria shown in Table I as defined in the Bridge Inspec-
tors Guide for the Recording and Coding of Oklahoma's 
Bridges [10]. The criteria shown identified 1,752 study 
bridges (11.2%) of the 15,666 county bridges which were used 
for existing county bridge data analysis. The following 
paragraphs present the criteria that were used to select the 
1,752 study bridges from the 15,666 in the database. 
10 
The selected study bridges are maintained by the coun-
ties for use by motor vehicles. Culverts, retaining walls, 
and railroad, pedestrian, and utility bridges were excluded. 
This research was intended for the study of bridges on low 
volume roads; therefore, roads classified as either federal 
aid secondary roads under local jurisdiction or local rural 
roads were selected. Items 21, 24, 42, and 62 were used 
from the ODOT inventory system to identify the criteria in 
this paragraph. 
The selection criteria considered only steel beam 
bridges having either simple or continuous spans and a mul-
tiple beam configuration for support of the deck. Bridges 
with timber, steel trusses, or older cast-in-place concrete 
beams were excluded since they are typically too structural-
ly deficient to support a new concrete deck. Items 43 and 
43a were used from the ODOT inventory system to identify 
criteria in this paragraph. 
The inventory system defines the superstructure as all 
structural members, bearing devices, and any drainage sys-
tems. Based upon discussions with ODOT Bridge Division 
personnel, only bridges having a superstructure condition 
rating of 5 or greater on a scale of 0 to 9 were selected 
for study. Condition 5 describes the superstructure as 
"in generally fair condition - potential exists for minor 
rehabilitation" (10]. 
The substructure of a bridge includes all pier:s, abut-
ments, piles, and footings. I Bridges with a substructure 
11 
condition rating of 5 or greater were selected for this 
study. This criterion was selected by ODOT Bridge Division 
personnel to match the condition of the superstructure. 
Condition 5 for the substructure is defined the same as 
Condition 5 for the superstructure. Items 59 and 60 were 
used from the ODOT inventory system to identify the criteria 
for condition ratings. 
Load rating is an important criterion in the selection 
of the study bridges. In order for federal or state funds 
to be allocated for use in the reconstruction of roads with 
bridges that are to remain in place, the bridges must meet 
the criteria set forth in the American Association of State 
Highway and Transportation Officials (AASHTO) A Policy on 
Geometric Design of Highways and Streets [1]. The criteria 
require a minimum design capacity of H10 loading for Average 
Daily Traffic (ADT) values of 0-50. For all other ADT con-
ditions the minimum is H15. The minimum design load rating 
for school buses has not been established in Oklahoma, how-
ever, a 10 ton load rating is often discussed. This re-
search considered bridges that have an inventory rating of 
10 tons or greater as a criterion for selection of study 
bridges. Item 66 of the ODOT inventory system was used to 
identify this criterion. 
Figure 1 shows the inventory ratings for the 1,752 
existing bridges selected for this study. I Distribu~ion of 
the 1,752 bridges by the eight divisions of ODOT is shown 
f 
in Figure 2. 
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Figure 1. Inventory Ratings for the 1,752 Existing 
Bridges Selected for Study 
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CHAPTER III 
DECK PANEL ANALYSIS AND DESIGN 
Data From Existing Bridges 
Used in Design 
Beam size and spacing are important factors for deter-
mining the load capacity of a bridge. In addition, the beam 
' flange widths and spacings are required to design a concrete 
deck. These factors are not included in the data of the 
ODOT Structural Inventory and Appraisal Records. These data 
were collected at the ODOT Division 4 office in Perry, Okla-
homa. Each bridge in an ODOT division office has a hard 
copy file which includes the beam size and spacing. 
Division 4 has 412 (24%) of the 1,752 study bridges used in 
this research project. From discussions with county commis-
sioners and ODOT officials, it was concluded that the flange 
widths and beam spacings from the bridges in Division 4 
would be representative of bridges across Oklahoma and would 
be used in the structural design of the precast concrete 
panels in this research project. 
The distribution of flange widths for the selected 412 
I 
bridges in Division 4 is shown in Figures 3 and 4. , From 
this distribution, a flange width of 6 in. was sele'cted 
' 
for use in the structural design of the panels. The 
13 
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15 
15 
distribution of beam spacings is shown in Figures 5 and 6. 
It is shown that 98% of the 412 study bridges in Division 4 
have a beam spacing of 5 ft 6 in. or less and 80% have spa-
cings of 4 ft o in. or less. 
The distribution of deck material for the 412 bridges 
of Division 4, reference Figure 7, shows that 75% have con-
crete decks and 25% have timber decks. A distribution of 
thicknesses of the concrete decks is shown in Figure 8. 
This figure shows that 80% of the concrete decks have thick-
nesses of 6 or 7 in. Deck replacement using the precast 
panels on existing county bridges with concrete decks which 
meet the selection criteria would have little or no addi-
tional dead load applied. 
Panel Configuration 
Panel length is defined as the dimension parallel to 
the direction of traffic and panel width is the dimension 
transverse to traffic. Clear roadway width of existing 
bridges is the governing factor for design widths of the 
panels. Figures 9 and 10 show clear roadway width rounded 
up to the nearest 2 ft for the 1,752 study bridges. It is 
shown that 97% of the bridges have clear roadway widths 
from 16 to 28 ft. A family of panels was established and 
designed to provide clear roadway widths of 16 ft 0 in. to 
28 ft o in. on 2 ft o in. increments. 
A fixed 4 ft 0 in. panel length was selected for all 
panel widths. For lengths greater than 4ft o in., problems 
NUMBER OF BRIDGES 
100 
80 
..---- ..----
60 
r---
,..----
40 
r-- r---
r--
20 
0 n D ... ~ 
1 0 20 :s 0 4 0 50 60 
BEAM SPACING (FEET) 
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Figure 10. Cumulative Percentage of the 1,752 Existing 
Bridges in Study vs. Clear Roadway Width 
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in lifting and handling may develop due to increased weight. 
It is not economically efficient in terms of labor and 
material to construct panels less than 4 ft o in. in length. 
Two thicknesses were established for the family of 
panels. A 6 in. thick panel was designed for use on bridges 
with a maximum beam spacing of 4 ft 0 in. A 7 in. panel was 
designed for bridges with maximum beam spacings of 5 ft 
6 in. Both thicknesses allow for two mats of reinforcing 
steel. The 6 in. panel has a 11t 2 in. clear cover of con-
crete over the top layer of reinforcing steel whereas the 
7 in. panel has a 2 in. clear cover. The use of salt for 
deicing is not anticipated on most county bridges, therefore 
the 1112 in. cover for the 6 in. panel is in compliance with 
AASHTO Standard Specifications for Highway Bridges [2]. If 
deicing salt is anticipated, the 7 in. panel should be used 
which provides a 2 in. cover. 
For ease of construction the panels were designed to 
act independently, thus no connections are required between 
panels for load transfer after the panels are placed on the 
bridge. For compliance with AASHTO [2], support for the 
deck panel edge must be provided along the transverse 
joints. To satisfy this requirement a structural steel 
channel with a depth equivalent to the panel thickness was 
placed along each edge running the full width of the panel. 
The steel channels were designed to act compositely with an 
effective area of concrete to provide edge support for the 
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panel. The channels were connected to the concrete with a 
series of 3; 4 in. dia. x 4 in. long headed studs. 
The panels were designed for a 3; 8 in. gap between 
adjacent panels to allow weldment of a connection plate to 
tie the panels to the supporting beams. This 3; 8 in. gap 
allows drainage of surface water from the bridge deck. 
Analysis of Panels 
The panels were analyzed for bending moment using equa-
tions from AASHTO [2] and computerized structural analysis. 
Loads included the HS20 design truck and a 20 psf future 
wearing surface. The panels were analyzed in a three step 
process. The first step was analysis of the panel using the 
equations in AASHTO which provide bending moments per ft 
width for the panel. The second step involved a more exact 
analysis of the panel using tire contact area placed at lo-
cations along the edges of the panel to produce maximum pos-
itive and negative bending moments. The resulting moments 
were used to design the steel channel and effective portions 
of concrete along the edges of the panel. The third step 
considered the panel in a shimmed condition. If shims are 
required to provide bearing between the panel and beam, they 
are to be placed under the structural steel channels. The 
shims used should be 2 in. x 6 in. x required thickness. 
The bending moment due to a wheel load located in tpe center 
I 
of the panel is resisted by a slab design in the 4 ft 0 in. 
I 
direction of the panel. The three steps are discussed in 
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Appendix A. The maximum moment at any location of the panel 
produced by any of the steps was used in design. 
Design of Panels 
The concrete specified for the panels is class AA 
concrete as defined in the Oklahoma Department of Trans-
portation's Standard Specifications for Highway Construc-
tion [9]. Class AA concrete has a specified minimum 
ultimate strength of 3,500 psi. Maximum aggregate size 
specified for the panels is 1 in. diameter. The rein-
forcing steel specified for the panels is plain reinforcing 
steel with a minimum yield strength of 60,000 psi (Grade 
60). As previously stated, the use of deicing salts is not 
anticipated, but epoxy-coated reinforcing steel could be 
used if necessary. The structural steel channel is spec-
ified as A36 steel and should be painted with two coats of 
zinc rich paint to prevent corrosion. 
The concrete portion of the panel was designed using 
Load Factor Design as described in AASHTO [2]. The steel 
channel was designed using Allowable Stress Design as des-
cribed in AASHTO [2]. 
The design of the panel considered a 20 psf design load 
to allow for a future wearing surface. Before any wearing 
surface is applied, the 3; 8 in. gap between panels should be 
sealed to prevent cracking and spalling of the wearing 
surface. 
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The panels have been designed to interface with the 
TR-2 traffic rail as detailed in the ODOT County Bridge 
Standards [8]. Utilizing the TR-2 traffic rail allows 
complete construction of the rail from the deck surface. 
This saves labor and time by not requiring any scaffolding 
for traffic rail work. 
Complete sets of structural calculations for the 6 in. 
and 7 in. panels are provided in Appendix A. A complete set 
of drawings for the 6 in. and 7 in. panels and accompanying 
detail sheets is shown in Appendix B. 
CHAPTER IV 
DEMONSTRATION BRIDGE 
Agencies Involved 
In the spring of 1990, a demonstration bridge was 
constructed to evaluate the constructability of the pro-
posed deck replacement system developed in this research 
project. Several agencies were involved in the construe-
tion of the demonstration bridge. The bridge is located 
in Noble County, Oklahoma, on a county road over North 
Stillwater Creek where it flows into Lake McMurtry, re-
' ference Figure 11. The bridge is owned and maintained 
by Noble County. The Noble County District 3 commissioner 
supplied the material, equipment, labor, and general super-
vision for construction of the bridge. ODOT personnel were 
responsible for quality control and testing of the materials 
used in the deck panels. The author provided the plans for 
construction of the deck panels, details for the panel to 
steel beam connections, and general consultation during 
fabrication and installation of the panels. 
Configuration of Existing Bridge 
The existing bridge was originally constructed in 1919 
as a one lane, three span bridge with a total length of 
23 
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Figure 11. Location of Demonstration Bridge 
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44ft o in., reference Figure 12. The deck had 3 x 12 in. 
timber planking with significant weathering and wear on the 
surface as shown in Figure 13. The age of the timber deck 
was not known. The bridge had no traffic rails. The two 
end spans utilized timber beams and the center span utilized 
steel beams. The bridge had timber abutments and piers 
founded on timber piles. The north abutment showed signs 
of buckling. The bridge was skewed to the road, crossing 
the channel at a right angle, creating a dangerous approach 
curve for night traffic or for those unfamiliar with the 
road. The road was approximately 20 ft wide with a dirt 
surface. The bridge was in very poor condition witp a 
posted rating of 4 tons. 
Configuration of New Bridge 
The new demonstration bridge, which replaced the 
existing bridge, is a 28 ft 0 in. long single span steel 
beam bridge. The roadway was straightened and crosses the 
creek at a slight skew. The new bridge is shorter than the 
old bridge because of a change in hydraulic conditions due 
to the construction of Lake McMurtry. The new deck was 
raised 24 in. and the adjacent roadway was elevated by fill. 
The steel !-section beams were salvaged from a bridge re-
placed at another location. They are 24 in. deep with a 
7 in. wide flange and are spaced on 4 ft 2 in. centers to 
support the precast deck panels. At each abutment, the 
steel beams were welded to a 10 in. deep cap beam supported 
Figure 12. Existing Bridge Viewed from 
the South 
Figure 13. Timber Decking of Existing Bridge 
Showing Significant Weathering 
and Wear 
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by HP10 x 42 steel foundation piling. Steel sheet piling 
retains the roadway fill. Piling for the abutment wingwalls 
are the 12 in. deep steel beams that were salvaged from the 
center span of the existing bridge. 
1~ 8 
The precast concrete deck panels each measure 3 ft 
in. (parallel to traffic) x 28 ft 5 in. and are 7 in. 
thick. The clear roadway width was designed to be 26 ft 
o in. using the TR-2 traffic rail as detailed in the ODOT 
county Bridge Standards [8]. The custodian of the bridge, 
Noble County, chose to construct an alternate guardrail 
which provided a clear roadway width of 27 ft 10 in. An 
as-built cross section of the demonstration bridge is shown 
in Figure 14. 
The precast panel bridge deck replacement system was 
developed for use on an in-place steel beam support struc-
ture. The demonstration bridge was constructed using steel 
beams from a salvaged bridge. Since used steel beams were 
utilized, the demonstration bridge simulates the condition 
of the proposed deck replacement of an existing bridge. 
This condition was verified by the fact that the beams on 
the demonstration bridge did not create a uniform level 
surface for connection of the precast concrete panels. 
Placement of shims was required to provide bearing for all 
panels on all beams. Shimming would most likely be required 
on a deck replacement project for an existing bridge. 
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Construction of Deck Panels 
Preconstruction planning for the panels involved the 
selection and preparation of a suitable casting bed, orien-
tation and placement of the panel frames for casting, and 
selection of the surface texture for the traffic surface of 
the panels. The panels for the demonstration bridge were 
constructed from the plans shown in Figure 15. 
Three options were considered for the ca~ting bed 
surface: concrete slab, wooden surface, and a soil surface. 
Existing concrete slabs are available at many county facil-
ities, reference Chapter VI, however most are probably not 
suitable for a concrete casting bed because of irregulari-
ties in their surface. Although a wooden casting surface 
could easily be constructed, wooden forms are not conducive 
to a large amount of reuse. Casting on soil is available to 
all counties, therefore the seven panels of the demonstra-
tion bridge were cast on soil. 
Since the panels were cast against soil, the casting 
orientation of the panels was traffic-side-down. This 
enabled finishing control of the beam contact surface of 
the panel which minimized the need for shimming the panels. 
There was concern that casting the panels traffic-side-up on 
a soil base would require an increased amount of shimming 
due to the uneven bottom surface. This concern was verified 
after the completed panels were inverted to a traffic-side-
up orientation. The panel surface cast against th~ ground 
had several raised areas that would have significa~tly 
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increased the amount of required shimming if the panels had 
been cast in a traffic-side-up orientation. 
There are several materials that can be used for pro-
ducing a texture on the driving surface of the panel when 
cast in a traffic-side-down orientation. Rock quarry 
screenings, coarse sand, and pea gravel were considered. 
A broom finish was considered if the panels had been con-
structed with the traffic surface as the upper side of the 
concrete panel. 
The Noble County District 3 yard had an outside soil 
area large enough to cast the seven panels without stack 
casting. A grader was used to prepare a level soil surface. 
Rock quarry screenings were selected to produce traffic 
surface texture and a thin layer, approximately 2 in. thick, 
was placed on the level soil surface. The screenings were 
smoothed and compacted with a grader and roller. 
The structural steel channels were welded by county 
welders into a rectangular frame which was used for two 
purposes; as a structural member for panel edge support and 
as a form for casting the concrete. Each rectangular panel 
frame was constructed from two 28 ft 5 in. long and two 
3 ft 11518 in. long steel channels. The installation of the I 
headed studs at the fabrication shop caused a warpage of the 
steel channels that were delivered to Noble County.; Extra 
I 
effort was required by the county to straighten the channels 
while welding the frame together. Straightening was accom-
plished by welding a steel bar across the 3 ft 11518 in. 
dimension at the quarter points of the frame, reference 
Figure 16. After weldment into a frame, the channels were 
painted with a zinc rich paint. 
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The reinforcing steel was delivered prefabricated to 
length. Both top (traffic side) and bottom (beam side) mats 
of reinforcing steel were tied outside the channel frame, 
then inserted and secured in place. Since the panels were 
cast in a traffic-side-down orientation, the frames were 
held on edge while the top mat of reinforcing was placed on 
the ground. The frame was lowered and the mat was raised 
and tied in place to the crossbars and headed studs. The 
bottom mat of steel was placed into the frame and tied to 
support members placed across the top of the steel channels 
as shown in Figure 17. 
The materials used in the panels for the demonstration 
bridge were those specified by design: Class AA concrete 
with a minimum ultimate compressive strength of 3,500 psi, 
Grade 60 plain reinforcing, and A36 structural steel. 
Concrete for the panels was obtained from a local ready-mix 
supplier. Three truck loads of concrete were used to cast 
the seven panels. Truck 1 provided concrete for panels 1 
and 2; truck 2 for panels 3, 4, and 5; and truck 3 for 
panels 6 and 7, as shown in Figure 18. The concrete was 
delivered to each panel directly from the chute on:the truck 
and vibrated as shown in Figure 19. Panels 1 and 2 were 
screeded and finished with a 2 x 4 in. board as shown in 
Figure 20. The remaining panels were screeded with a 
Figure 16. Structural Steel Channel Frames for 
Two Panels Showing Steel Bars 
and Headed Studs 
Figure 17. Support for Upper Layer of 
Reinforcing Steel 
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0 CORE 1 
CORE 5 E9 PANEL 6 CONCRETE TRUCK 3 CORE 6 0 
PANEL 4 
CONCRETE TRUCK 2 CORE 4 0 
PANEL 1 
CONCRETE TRUCK I E9 CORE 2 PANEL 2 CONCRETE TRUCK 
PANEL 7 
CONCRETE TRUCK 3 
PANEL 5 
CONCRETE TRUCK 2 
E9 CORE 3 PANEL 3 CONCRETE TRUCK 2 
0 Denotes locahon of 4" dtameter core sample wtthout embedded retnforcmg steel 
E9 Denotes locahon of 4" diameter core sample wtlh embedded retnforclng steel 
Figure 18. Deck Panel Layout on Casting Bed with Corresponding Concrete 
Truck Numbers and 4 in. Dia. Core Locations 
Figure 19. Placement of Concrete into the 
Structural Steel Channel Frames 
Figure 20. Screeding and Finishing with a 
2 x 4 in. Board 
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motorized vibrating screed. A commerc1al curing compound 
was sprayed on the panels to facilitate the curing process 
after the initial set of the concrete. A completed panel is 
shown in Figure 21. 
No slump tests were taken from any of the three trucks. 
The slumps were estimated by ODOT personnel and the author 
to be 3 in., 5 in., and 8 in. for trucks 1, 2, and 3, res-
pectively. Four 6 in. dia. x 12 in. cylinders were prepared 
for compressive strength testing from truck 1, reference 
Figure 22. The 7 and 28 day test results for these cylin-
ders are shown in Table II. Because no cylinders were made 
from trucks 2 and 3, six 4 in. dia. cores, two from each of 
the three truck loads of concrete, were taken from the 
panels for compressive strength testing. ODOT research 
personnel performed the coring operation in which cores 
were taken from the locations shown in Figure 18 at a con-
crete age of 43 days. Three of the six cores had embedded 
reinforcing even though a reinforcing steel locator was used 
to locate the mat of reinforcing nearest the top surface of 
the panels. To be consistent throughout the testing of the 
cores, all cores were sawed to a ratio of length to diameter 
(1/d) of approximately 1:1. This removed the embedded steel 
and made all cores geometrically similar. The cores were 
~awed at a concrete age of 85 days and then soaked in lime 
water for 123 hours prior to compressive strength testing 
at a concrete age of 90 days. The results of core testing, 
reference Table III, verified the ultimate compressive 
Figure 21. Completed Panel 
Figure 22. Test Cylinders Made from Concrete 
Truck 1 
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TABLE II 
COMPRESSIVE STRENGTH TEST RESULTS FOR THE 
6 IN. DIA. x 12 IN. CYLINDERS CAST FROM 
CONCRETE TRUCK NO. 1 
38 
CYLINDER AGE BREAK LOAD AREA PSI AVERAGE 
NUMBER (days) (lbs.) ( in2 ) PSI 
1 7 135,000 28.27 4,770 
' 
4,770 
2 28 160,000 28.27 5,660} 
3 28 165,000 28.27 5,840 5,720 
4 28 160,000 28.27 5,660 
TABLE III 
COMPRESSIVE STRENGTH TEST RESULTS FOR THE 4 IN. DIA. 
CORES AT CONCRETE AGE OF 90 DAYS 
DECK CONCRETE 
CORE PANEL TRUCK L/D AREA CORRECTION PSI AVERAGE 
NO. NO. NO. RATIO (in2) FACTOR PSI 
1 1 1 1.09 12.37 0.89 5,000 
5,610 
2 2 1 1.00 12.57 0.87 6,220 
3 3 2 0.96 12.47 0.85 5,970 
5,910 
4 4 2 1.05 12~37 0.88 5,850 
5 6 3 1.10 12.47 0.89 6,520 
6,430 
6 6 3 1.09 12.57 0.89 6,340 
39 
strength of the concrete in the panels met the required 
specifications. Sampling and testing of the cores was done 
in accordance with the American Society of Testing and 
Materials (ASTM) [3]. 
The panels cured in place, reference Figure 23, for 
49 days before being loaded for transport to the bridge 
site. 
Loading and Transporting Deck Panels 
The panels were a challenge to lift from the casting 
bed because no inserts or lifting loops were specified on 
the drawings. Inserts were intentionally omitted from the 
design to allow casting of the panels with the traffic-side-
up or traffic-side-down orientation and to allow stack cast-
ing of panels. Commercial type inserts were also not con-
sidered so rural counties would not be required to procure 
special equipment or materials. The panels were designed 
for 8 ft 0 in. maximum spacing of lift points for panel 
support during lifting and handling. 
Noble County personnel developed a lifting and invert-
ing procedure for convenient and efficient handling of the 
panels. An edge of the panel was lifted approximately 
18 in. with a front end loader by placing the bottom edge of 
the bucket underneath the center portion of the width of the 
panel (28 ft 5 in.) as shown in Figure 24. Four 4 x 4 in. 
timbers were then placed underneath the panel at the support 
locations shown on the plans. The bucket of the loader was 
Figure 23. 
Figure 24. 
Panels Cured for 49 Days 
Initial Lift of Panel with the 
Bucket of a Front End Loader 
40 
41 
then lowered which allowed the panels to rotate downward and 
rest on the 4 in. timbers. The panel at this point was 
still in a traffic-side-down position. Two chains were 
wrapped around the panel on each side of the bucket of the 
loader, approximately 8 ft apart. The chains were secured 
at the edge of the panel and to each edge of the bucket so 
when the bucket was raised the panel was suspended from the 
long edge, reference Figure 25. Approximately 1 to 2112 in. 
of rock screenings were attached to the traffic side of the 
panel and were removed by wetting and scraping with shovels, 
reference Figure 26. The panels were then rolled over to a 
traffic-side-up position and gently lowered onto two used 
grader tires to cushion and hold the panel off the ground to 
maneuver the chains. At this stage another front end loader 
was used and four chains (2 chains for each loader) were 
wrapped around the panel at the lifting locations shown on 
the plans. This allowed lifting of the panel in a hori-
zontal position as shown in Figure 27. Each chain was 
connected to the edge of a bucket and tensioned equally. 
The two loaders simultaneously raised the panel high enough 
to allow a flatbed trailer to back under the panel. The 
panel was then lowered onto the bed of the trailer as shown 
in Figure 28. 
Four panels were transported during the first trip, 
reference Figure 29, and three panels during the second 
trip. The trip from the county yard to the bridge site 
required approximately 30 minutes. 
Figure 25. Lifting Panel on Edge for Roll 
Over to Traffic-Side-Up 
Position 
Figure 26. Removing Rock Screenings by 
Scraping with Shovels 
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Figure 27. Two Front End Loaders Lifting 
Panel in a Horizontal Position 
Figure 28. Lowering the Panel onto a 
Flatbed Trailer 
43 
Figure 29. Four Panels on Flatbed Trailer 
Ready for Transport 
Placement of Deck Panels on Bridge 
The used steel beams employed in the demonstration 
bridge are shown ready for panel placement in Figure 30. 
Full depth end diaphragms were fabricated from the same 
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section as the beams. As previously stated the new bridge 
deck elevation was raised and the adjacent roadway was re-
worked. Therefore, there was no direct roadway access to 
place the panels using front end loaders. If this had been 
a bridge undergoing only a deck replacement with no adjacent 
roadway work, the panels could be utilized to drive on for 
subsequent panel placement as soon as they were connected. 
For construction of the deck on the demonstration 
bridge, a crane was used to lift the panels from the flatbed 
Figure 30. Used Steel Beams of Demonstration 
Ready for Panel Placement 
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trailer and place them on the bridge. Each of the panels on 
the demonstration bridge weighed 11,380 lbs. and were lifted 
using four cable slings at the positions specified on the 
plans, reference Figure 31. A spreader beam was used to 
equalize the load and to keep the cables from sliding. The 
panels could not be placed precisely in their final position 
because space was required between panels for removal of the 
cables, placement of connection plates, and placement of 
shims. This created the need for a method to align the 
panels into final position by sliding the panels along the 
top of the beams. The first panel placed at the end of the 
bridge could not be placed into final position because the 
full depth end diaphragms interfered with removal of the 
cables as shown in Figure 32. After the four panels from 
Figure 31. Lifting a Panel from the 
Flatbed Trailer 
Figure 32. Placing the First Panel on the 
Demonstration Bridge 
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the first load were placed on the bridge the alignment and 
connection operation began. The first panel was positioned 
using the bucket of a backhoe. This method did not work 
well because some areas of the diaphragm flanges protruded 
slightly above the beams which created difficulty in sliding 
the panel into place. The second panel was positioned with 
a hand jack. This method required considerable physical 
effort and was disliked by the workers. The third panel was 
aligned using a hook as shown in Figure 33. The hook was 
fabricated from a short section of HPlO x 42 piling and was 
placed over the edge of the panel. A chain was used to pull 
the panel into final position, reference Figure 34, using 
the bucket of a backhoe located off the bridge. This method 
was the most efficient and was utilized for alignment of the 
remaining panels. 
The shimming and connection operation was performed as 
a part,of the alignment of panels. Each of the six trans-
verse joints on the demonstration bridge consisted of two 
edges (of adjacent panels) and a series of connection 
plates. For discussion purposes, the leading edge of a 
panel is defined as the second edge to be aligned, or com-
pletion edge, of the joint. The trailing edge is the first 
panel edge of a joint to be aligned into final position, 
i.e. the first half of a joint. Figure 35 shows the need 
for shimming along the trailing edge of a panel which has 
been aligned into final position. A 2 x 6 in. shim of the 
required thickness was placed underneath the structural 
Figure 33. Hook Fabricated for Use in Panel 
Alignment 
Figure 34. Panel Alignment Utilizing Hook 
with Chain 
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Figure 35. Need for Shims to Provide 
Bearing of Panel on Beam 
steel channel and held in place by a tack weld on the 
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channel. This was performed at all locations needing shims 
along the trailing edge of the panel. After shimming was 
complete along the trailing edge, a 3/ 8 in. thick connection 
plate was positioned tightly against the flange of each beam 
and welded to the channel on the trailing edge of the panel 
as shown in Figure 36. No welds to the existing beam 
flanges were made. 
Before the next panel was aligned into final position, 
an assessment was made whether shims were needed along it's 
leading edge. If required, shims were placed and tack weld-
ed to the channel. The panel was then aligned by sliding 
the panel (and shims along the leading edge) into final 
position. A second weld was made to secure the connection 
Figure 36. Connection of Panel to Beam with 
Shim in Place 
plate to the leading edge of the panel and to connect the 
panel to the beams. After all welds were made, the j oint 
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was complete as shown in Figures 37 through 40. Figure 39 
shows the alternating direction of the connection plates 
between the exterior and first interior beams. The con-
nection plates are detailed on the panel plans shown i n 
Appendix B. 
The shimming procedure described above was repeated as 
panels were aligned and connected. To insure full bearing 
of the leading edge of a panel to the beams after final 
alignment, the shimming operation should be performed while 
the panel is as close to its final position as possible. 
A plan of the required shimming for the demonstration bridge 
is shown in Figure 41. A connection plate was placed at 
Figure 37. Connection Plate as Viewed from 
Above Showing the Welding of 
Plate to Structural Steel 
Channel on Each Side 
Figure 38. Connection Plate as Viewed from 
Below Deck 
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Figure 39. Arrangement of Connection Plates 
Between Exterior and First 
Interior Beams 
Figure 40. Surface of Deck Showing Joints 
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Arrangement on Demonstration Bridge 
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each intersection of a joint and beam. This required 42 
connection plates to secure the panels to the steel beams. 
Total construction time for the demonstration bridge 
was thirteen ten-hour work days using a four man crew. 
Total construction included demolition of the existing 
bridge and salvaging the center span steel beams, driving 
of pile foundations, construction of abutments, placement 
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of steel beams, placement of precast concrete deck panels, 
and installation of traffic rails. The seven panels were 
placed, aligned, and connected in eight hours. The demon-
stration bridge was opened to traffic after twelve days of 
construction, reference Figure 42. The traffic rails were 
connected as shown in Figure 43 on the thirteenth day of 
construction. As previously stated, Noble County chose not 
to use the TR-2 traffic rail. The rail constructed on the 
demonstration bridge required the use of scaffolding which 
increased the complexity and time of construction. The com-
pleted demonstration bridge is shown in Figures 44 and 45. 
Figure 42. Demonstration Bridge After Twelve 
Days of Construction 
Figure 43. Connection of Traffic Rails 
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Figure 44. Demonstration Bridge as Viewed 
from the South 
Figure 45. Demonstration Bridge as Viewed 
from the Northeast 
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CHAPTER V 
COMPARISON TO AN ALTERNATE DECK 
REPLACEMENT METHOD 
This chapter presents a comparison of the construction 
requirements of the precast concrete panel deck of the 
demonstration bridge to a traditional cast-in-place concrete 
deck. Material and labor requirements of the two methods 
are discussed. 
Noble County District 3 personnel constructed four con-
ventional cast-in-place bridge decks during the three years 
prior to construction of the demonstration bridge. The same 
crew performed all of the construction for the precast 
concrete panel deck of the demonstration bridge. The com-
parison of the two construction methods is performed on a 
square foot basis using overall deck dimensions. The pre-
cast concrete panel deck has total dimensions of 28 ft 0 in. 
long by 28ft 5 in. wide (796 ft2 of deck area). The cast-
in-place deck has total dimensions of 21 ft 0 in. long by 
26ft 6 in. wide (556 ft2 of deck area). 
Noble County personnel and the author kept logs of the 
quantities of material, labor, and equipment required to 
construct the precast panel deck, reference Table IV. The 
labor and equipment hours in Table IV represent the actual 
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TABLE IV 
MATERIAL, LABOR, AND EQUIPMENT REQUIREMENTS FOR THE PRECAST 
CONCRETE PANEL DECK OF THE DEMONSTRATION BRIDGE 
MATERIAL: 
Concrete 
Reinforcing Steel 
Structural Steel 
LABOR: 
Preparation of Casting Bed: 
Foreman 
Equipment operator 
Fabrication of Seven Panels: 
Foreman 
Welder 
Helper 
Loading and Transport of Seven Panels: 
Foreman 
Front End Loader Operator 
Truck Driver 
Placement of Seven Panels on Bridge: 
Foreman 
Welder 
Helper 
EOUIPMENT8 : 
Preparation of Casting Bed: 
Grader 
Self Propelled Steel Roller 
Fabrication of Seven Panels: 
Front End Loader 
Welding Machine 
Concrete Vibrator 
Loading and Transport of Seven Panels: 
Front End Loaders 
Truck and Flat Bed Trailer 
Placement of Seven Panels on Bridge: 
Crane 
Truck and Flat Bed Trailer 
Backhoe 
Portable Welding Machines 
17.1 c.y. 
4,991 lbs. 
4,844 lbs. 
1 hr. 
3 hr. 
19 hr. 
12 hr. 
84 hr. 
4 hr. 
8 hr. 
5 hr. 
8 hr. 
16 hr. 
8 hr. 
2 hr. 
1 hr. 
4 hr. 
12 hr. 
7 hr. 
8 hr. 
5 hr. 
8 hr. 
7 hr. 
8 hr. 
16 hr. 
8 Equipment hours represent actual time to perform work. 
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time required to fabricate and erect the seven precast 
panels on a first time basis. Since this method of bridge 
deck construction was new to the crew, they were required to 
perform unfamiliar tasks. Examples are preparing a casting 
bed, hanging reinforcing steel from the top of the steel 
channel forms, lifting and maneuvering the panels, alignment 
of the concrete panels on the bridge beams, etc. 
Method of Comparison 
Since the precast concrete panel deck system was con-
structed for the first time by this crew, the hours shown in 
Table IV should be adjusted by an experience curve technique 
to obtain a valid comparison to a conventional cast-in-place 
system. This is because the cast-in-place system is 
familiar to the crew since they have performed this method 
of construction on a repetitive basis. 
studies have shown that any person who has performed 
the same task on a repetitive basis will require a shorter 
time to perform the task the second time than was required 
for the first time. The reduction in time required for 
successive tasks is due to greater familiarity of required 
tasks, better coordination of workers, and more effective 
use of tools and methods. Gates and Scarpa [4] presented 
a technique for experience curve adjustment for the time 
required to perform repetitive work. 
Cumulative experience curves are based on the rate at 
which an individual or crew gains experience. If the 
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repetitive tasks being performed are typical and common to 
the workers, the rate at which experience is gained is low 
and time reduction between tasks is less. If the repetitive 
tasks are not typical to the workers, the rate at which ex-
perience is gained is high and the time reduction between 
tasks is greater. Cumulative experience curves range from 
limits of 100% to 50%. For example, for two units a 100% 
curve shows no reduction in time to construct the second 
unit because: 
100% = [100%(first unit) + 100%(second unit)]/2. 
The 50% curve is the theoretical low because for two units: 
50%= [100%(first unit) + O%(second unit)]/2. 
Construction related tasks typically are in the experience 
curve range of 70% to 90% [7]. A cumulative experience 
curve of 90% was selected for use in the adjustment of hours 
shown in Table IV. 
The Gates and Scarpa adjustment used in the comparison 
is based on a cumulative average time (CAT) required for 
construction of the first n units. The CAT is expressed as 
a percentage of the time required to construct the first 
unit. As efficiency of constructing repetitive units in-
creases, the time required to construct subsequent units 
decreases. 
To be consistent with the number of cast-in-place decks 
constructed, the adjustment to the labor hours for the 
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precast concrete deck panel system was based on the con-
struction of four precast decks. For n = 4 the CAT to 
construct four similar precast decks is (Gates and Scarpa): 
CAT = n"0•1521 X 100% 
CAT = 4 -o 1521 X 100% 
CAT= 81%, 
The average time per deck to construct four precast panel 
bridge decks is 81% o'f the time required to construct the 
first deck. 
Table V shows an adjustment of the hours shown in 
Table IV using the Gates and Scarpa 90% cumulative exper-
ience curve technique. In addition to the experience curve 
adjustment, the hours shown in Table V do not include the 
time required to field straighten and weld the steel chan-
nels into seven panel frames, reference Chapter IV. This 
time included 3 hours of foreman, 12 hours of welder, and 
10 hours of helper. To improve efficiency for repetitive 
work, this field work on the panel frames should be done as 
shop welding by the steel fabricator. Thus, the panel 
frames should be completely fabricated and delivered to the 
casting site fully assembled. 
Data was acquired from the fourth cast-in-place bridge 
deck constructed in the series of four. Table VI shows the 
material and total labor hours required to construct the 
21 ft 0 in. long by 26 ft 6 in. wide (556 ft2) cast~in-place 
deck used in the comparison. Data for the cast-in-place 
TABLE V 
ADJUSTED MATERIAL AND LABOR REQUIREMENTS FOR THE PRECAST 
CONCRETE PANEL DECK OF THE DEMONSTRATION BRIDGE 
BASED ON A 90% CUMULATIVE EXPERIENCE CURVE8 
MATERIAL: 
Concrete 
Reinforcing steel 
Structural Steel 
LABOR: 
Preparation of Casting Bed: 
Foreman 
Equipment operator 
Fabrication of Seven Panelsb: 
Foreman 
Welder 
Helper 
Loading and Transport of Seven Panels: 
Foreman 
Front End Loader Operator 
Truck Driver 
Placement of Seven Panels on Bridge: 
Foreman 
Welder 
Helper 
Total Labor: 
8Adjustment factor is 0.81. 
17.1 c.y. 
4,991 lbs. 
4,844 lbs. 
0.81 hr. 
2.43 hr. 
12.96 hr. 
o.oo hr. 
59.94 hr. 
3.24 hr. 
6.48 hr. 
4.05 hr. 
6.48 hr. 
12.96 hr. 
6.48 hr. 
115.83 hr. 
~ours for field straightening and welding of the seven 
panel frames are not included: 3 hours of foreman, 
12 hours of welder, and 10 hours of helper. 
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TABLE VI 
MATERIAL AND LABOR REQUIREMENTS FOR THE 
CAST-IN-PLACE BRIDGE DECK8 
MATERIALb: 
Concrete 
Reinforcing Steel 
Structural Steel 
Steel Form Deck 
LABORe: 
Construction of Bridge Deck: 
12.0 
2,328 
1,024 
62 
c.y. 
lbs. 
lbs. 
s.y. 
Total Labor: 88 hr. 
8Equipment utilization was not available. 
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~aterial quantities are calculated. The reinforcing steel 
quantity was calculated using the reinforcing steel pattern 
in the ODOT Countr Bridge standards for non-composite steel 
beams on a 4ft 112 in. spacing. 
cFrom Noble County District 3 bridge files. 
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deck was acquired from the files of the Noble County 
District 3 office. Labor hours for the cast-in-place deck 
did not have a breakdown of construction activities, only 
total labor hours were available. For a valid comparison 
using CAT, the time required to construct the fourth 
deck (t4) in the series must be calculated as a percentage 
of the time required to construct the first cast-in-place 
deck (t1) . From Gates and Scarpa: 
tl = (i(1 - 0 1521) - (i - 1) (1 + 0.1521)) X 100% 
t4 = ( 4 (0.8479) - 3 (0.8479)) X 100% 
t4 = 70% 
The time required to construct the fourth cast-in-place deck 
is 70% of the time required to cast the first. For a direct 
comparison to the precast deck, the time required to con-
struct the fourth cast-in-place deck must be adjusted to 
reflect a CAT of 81%. Therefore, the labor hours shown in 
Table VI should be adjusted for CAT by a factor of (81%) + 
(70%), or 1.157%. 
In addition to the experience curve adjustment, the 
labor hours shown in Table VI should be adjusted to account 
for the square foot size difference between the two com-
parison decks. The ratio of square footage of the precast 
panel deck (796 ft2) to the square footage of the cast-in-
place deck (556 ft2) is 1.432. The time required for the 
same construction activities of bridge decks of different 
sizes is not linear. Activities such as preparing the site 
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and equipment, some elements of formwork, and clean-up could 
be considered to require equal time for construction of 
cast-in-place bridge decks of two sizes. Time for activ-
ities such as placement of reinforcing steel, placement of 
concrete, and finishing concrete could be considered linear. 
For this comparison, 15% of the time required to construct 
the cast-in-place deck was considered constant with 85% con-
sidered as linear based on the 1.432 ratio. This yields a 
size adjustment factor to be applied to the labor hours of 
the cast-in-place bridge deck as follows: 
0.15 + 1.432{0.85) = 1.367 
Table VII shows the quantities of material and labor after 
adjustment for experience curve and deck size. 
Comparison 
The comparison of material and labor requirements was 
performed on a square foot basis between Table V for the 
precast panel deck and Table VII for the cast-in-place deck. 
Comparison summaries are shown in Table VIII. 
The reinforcing steel and structural steel material 
quantities of the precast deck panel system are greater than 
those for the cast-in-place deck. It should be noted that 
the precast panels were constructed from a "standard" plan 
for use on bridge beam spacings up to 5 ft 6 in. They were 
placed on a 4 ft 2 in. beam spacing on the demonstration 
bridge. The quantity of reinforcing steel for the 
TABLE VII 
ADJUSTED MATERIAL AND LABOR REQUIREMENTS FOR THE 
CAST-IN-PLACE BRIDGE DECK BASED ON DECK SIZE 
MATERIAL8 : 
Concrete 
Reinforcing Steel 
Structural Steel 
Steel Form Deck 
LABORb: 
Construction of Bridge Deck: 
17.2 c.y. 
3,280 lbs. 
1,216 lbs. 
62 s.y. 
Total Labor 88 hrs. x 1.582 = 139 hr. 
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~aterial quantities are calculated. The reinforcing steel 
quantity was calculated using the reinforcing steel pattern 
in the ODOT Countr Bridge standards for non-composite steel 
beams on a 4ft 112 in. spacing. 
bAdjustment factor is 1.157 x 1.367 = 1.582. 
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TABLE VIII 
COMPARISON OF THE PRECAST PANEL DECK TO THE 
CAST-IN-PLACE DECK ON A SQUARE FOOT BASIS8 
Material: 
Concrete 
Reinforcing Steel 
Structural Steel 
Steel Form Deck 
Labor: 
8 Based on 796 ft2 
Type of Deck 
Precast Panel 
{per ft2 ) 
0.021 c.y. 
6.27 lbs. 
6.09 lbs. 
0.146 man-hours 
Cast-In-Place 
{per ft2) 
0.022 c.y. 
4.12 lbs. 
1. 29 lbs. 
yesb 
0.175 man-hours 
bsteel form deck was used for the cast-in-place deck in this 
comparison. Form deck increases material costs and reduces 
labor costs. Conventional wood forms reduces material 
costs and increases labor costs. 
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cast-in-place deck was determined for a 4 ft 1112 in. beam 
spacing given in the ODOT County Bridge Standards [8]. 
Structural steel quantities for the precast system are 
greater due to the panel frames. Total labor hours required 
for construction of the precast deck were 83% of the labor 
hours required for the cast-in-place deck. 
Due to the recent construction of the precast panel 
deck, maintenance and repair data is not yet available to 
include in the comparison. Life cycle costing for the 
precast deck system cannot be performed until data becomes 
available. 
The cost/Benefit ratio is also an important factor for 
consideration. Demolition of the existing wooden deck and 
placement of the seven panels and traffic rails required 
only two days. Thus, the cost to the driving public due to 
detouring is greatly reduced for the precast system compared 
to the cast-in-place deck which took two days to form and 
place concrete, plus 28 days for the concrete to cure. At 
project locations where closure of the road due to replace-
ment of a bridge deck is determined to be costly or incon-
venient to the driving public, it is recommended that the 
precast system be considered for use. 
At locations where project safety is threatened by many 
workers and pieces of equipment located in a congested area, 
the precast system should be strongly considered because 
placement of the panels on the bridge requires minimal 
personnel and equipment. 
CHAPTER VI 
SURVEY OF OKLAHOMA COUNTIES FOR CASTING 
FACILITIES, EQUIPMENT, AND PERSONNEL 
A survey was conducted by mail to evaluate the ability 
of counties in Oklahoma to implement the construction and 
placement of the precast concrete deck panels using county 
facilities, equipment, and labor. Each of the seventy-seven 
Boards of County Commissioners was mailed a packet which 
included a cover letter, survey form, and detail sheets 
explaining the precast deck replacement system, reference 
Appendix c. Figure 46 shows the twenty-one counties (a 27% 
return rate) that responded to the survey packets. A review 
of Figure 46 shows a response from counties that are geo-
graphically distributed throughout the State. The rate of 
response and geographic distribution appears to provide a 
sampling that is representative of all counties in Oklahoma. 
Casting Facilities 
Counties were surveyed to determine their existing 
facilities for casting the concrete panels. The panels can 
be easily cast on either a soil surface or a concrete cast-
ing bed. It was concluded by the author that all counties 
would have an outside unpaved area for the casting of 
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panels. Counties were asked about the availability of 
existing flat concrete slabs which could be used as a 
casting bed for the panels, either outside or inside a 
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building. Table IX shows a compilation of the county 
responses. Of the 21 responding counties, five (24%) have 
outside flat concrete slabs. Of these five counties, four 
have slabs which range in size from 240 ft2 to 8,000 ft2 
with an average of 3,860 ft2 • Eight of the 21 counties 
(38%) responded that they have a flat slab area inside a 
building. The inside slabs ranged in size from 200 ft2 to 
12,000 ft2 with an average of 2,490 ft2 • Five of the eight 
responded that the building was heated which would allow 
casting during the winter months. 
Although several counties have flat concrete slabs 
available for casting panels, the surface condition of the 
slabs would probably be inadequately level for casting in a 
TABLE IX 
CONCRETE SLABS AVAILABLE FOR CASTING DECK PANELS 
COUNTIES WITH SLABS SLAB SIZE ( ft2) 
LOCATION OF FLAT 
CONCRETE SLAB 
NUMBER % OF TOTAL 
RESPONSE MAX. MIN. AVE. 
Outside 5 24% 8,000 240 3,860 
Inside Building8 8 38% 12,000 200 2,490 
80f the eight counties which have a flat slab area inside a 
building, five responded that the building is heated. 
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traffic-side-up orientation without an extensive requirement 
of shimming. 
County Equipment 
Table X shows the county response to the availability of 
equipment to load, transport, and place panels on a bridge. 
None of the responding counties own a crawler mounted crane. 
However, eight (38%) own truck mounted cranes with lifting 
capacities ranging from 5,000 to 60,000 lbs with an average 
lifting capacity of 28,500 lbs. Two counties (10% of re-
sponding counties) can lease truck mounted cranes. It is 
probable that most counties can obtain truck mounted cranes 
through leasing. Nineteen counties (90% of responses) have 
ownership of wheel tractors with front loaders averaging a 
lifting capacity of 12,400 lbs. For safe handling of the 
larger panels, two (2) "wheel tractors with front loaders" 
should be used per panel as was demonstrated with the panels 
of the demonstration bridge. Many of the counties have 
winch trucks which could be used for lifting and placing the 
panels. Forty-three percent of the responding counties have 
winch trucks with lifting capacities of 5,000 to 10,000 lbs. 
Twenty-four percent have winch trucks with lifting capac-
ities of greater than 10,000 lbs. Eighteen counties (86% of 
responses) have a truck which can safely transport one or 
more of the larger panels from the casting area to the 
bridge site. 
TABLE X 
COUNTY EQUIPMENT AVAILABLE FOR HANDLING DECK PANELS 
COUNTY RESPONSE 
EQUIPMENT TYPE OWN BORROW LEASE 
%OF TOTAL AVERAGE LIFT. %OF TOTAL AVERAGE LIFT. %OF TOTAL AVERAGE LIFT. 
Crawler Mounted Crane 
(fixed boom) 
Truck Mounted Crane 
(fixed boom) 
Self Propelled Crane 
(telescopic boom) 
Wheel Tractor with 
Front loader 
Winch Trucks: 
< 5,000 lbs 
5,000 - 10,000 lbs 
10,001 - 15,000 lbs 
> 15,000 lbs 
Transport Trucks 
NUMBER RESPONSE 
8 
2 
19 
3 
9 
3 
2 
18 
38% 
10% 
90% 
14% 
43% 
14% 
10% 
86% 
CAPACITY 
(LBS.) 
28,500 
20,000 
12,400 
NUMBER RESPONSE 
1 5% 
CAPACITY 
CLBS.) 
30,000 
NUMBER RESPONSE 
1 5% 
2 10% 
1 5% 
80ne county reported owning a Gradall with a lifting capacity of 12,000 lbs. 
CAPACITY 
(LBS ) 
20,000 
45,000 
-..I 
w 
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County Personnel 
Counties were surveyed to evaluate the experience level of 
county labor forces for concrete and bridge maintenance. 
The experience categories and compilation of responses is 
shown in Table XI. The responding counties reported that 
52% have personnel with concrete and bridge maintenance 
experience between 1 and 5 years, and 57% with greater than 
5 years. Seventy-six percent of responding counties have 
personnel with 1 year or more of experience. Five counties 
(24% of responding counties) reported having no personnel 
with concrete or bridge experience. 
Based upon the survey of counties, interviews with county 
commissioners, and the results of the demonstration bridge, 
' it is concluded that counties can successfully implement the 
deck replacement system developed in this research project. 
YEARS OF 
EXPERIENCE8 
Less than 1 
1 to 5 
TABLE XI 
COUNTY PERSONNEL WITH CONCRETE AND 
BRIDGE MAINTENANCE EXPERIENCE 
COUNTIES WITH PERSONNEL 
NUMBER % OF TOTAL RESPONSE 
4 19% 
11 
Greater than 5 12 
52% 
57% 
8 Five, or 24% of the responding counties have no per,sonnel 
with concrete and bridge experience. 
75 
It is recommended that if counties pursue this method of 
bridge deck replacement, a concrete casting bed be con-
structed with a surface as smooth and in-plane as possible 
to allow the panels to be cast in a traffic-side-up orien-
tation. The most likely problem of implementing this system 
would be in placing the panels on the existing bridge. Typ-
ically, two front end loaders acting in parallel can handle 
the panels, however some bridge sites may have limited space 
which would hinder the process. Based on interviews with 
county commissioners, several responded that they would 
prefer leasing a crane for placing the panels on the bridge 
to ease construction and improve safety for the labor crews. 
However, evaluation of the survey data shows that many coun-
ties have front end loaders and winch trucks which would 
make the leasing of a crane unnecessary. 
CHAPTER VII 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
FOR FURTHER RESEARCH 
summary 
The purpose of this research project was to develop a 
system of precast deck panels which the counties of Oklahoma 
can implement with their own labor and equipment. The 
development of the system included data analysis of 1,752 
county bridges selected for study. Based on the analysis, 
a family of panels was configured and designed for appli-
cation to bridges meeting the study criteria. 
All panels were designed for the AASHTO HS20 loading. 
The family of panels consisted of fourteen panels with two 
thicknesses, seven widths, and a standard 4 ft 0 in. length 
(parallel to traffic). The panels were designed to provide 
seven clear roadway widths as determined by the analysis of 
the study bridges. The clear roadway widths are 16 ft 0 in. 
to 28 ft 0 in. on 2 ft 0 in. increments. Two thicknesses of 
panels were designed to accommodate the wide variety of beam 
spacings on the existing study bridges. A 6 in. thick deck 
panel was designed for bridges with beam spacings of 4 ft 
0 in. maximum and a 7 in. thick panel for beam spacings of 
5 ft 6 in. maximum. The 6 in. panel can be used on 79% of 
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the 1,752 study bridges whereas the 7 in. panel can 'be used 
on 97% of the bridges. 
A demonstration bridge was constructed by Noble County, 
Oklahoma personnel to evaluate the constructability of the 
deck panel system. The bridge has a single span of 28 ft 
0 in. and a clear roadway width of 27 ft 10 in. The clear 
roadway was designed as 26 ft 0 in. with the use of the TR-2 
traffic rail, but Noble County selected a different type of 
rail. Seven 7 in. thick deck panels were used on the bridge 
with a beam spacing of 4 ft 2 in. The seven panels were 
cast at the county yard on rock quarry screenings in a 
traffic-side-down orientation. After 49 days the panels 
were loaded and transported to the bridge site. A crane was 
utilized to place the panels onto the steel beams of the 
demonstration bridge. The seven panels were placed, 
aligned, and connected in eight hours. 
The construction requirements of the precast panel 
bridge deck were compared to a cast-in-place bridge deck, 
considering material and labor requirements. Material, 
labor, and equipment requirements were documented for the 
demonstration bridge. The same crew constructed a similar 
cast-in-place deck less than a year prior to the construc-
tion of the demonstration bridge. The labor required for 
the cast-in-place bridge deck was obtained from the county 
bridge file. Adjustments were made to the material and 
labor requirements for deck size and an experience curve was 
used to provide a valid comparison. The precast panel deck 
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required more reinforcing steel and structural steel, but 
required only 83% of the labor hours required to construct 
the cast-in-place deck. Deck replacement time for the 
precast panel deck was two days compared to approximately 
one month for the cast-in-place deck. 
A survey was conducted by mail to evaluate the ability 
of counties in Oklahoma to implement the construction and 
placement of the precast deck panels using county facil-
ities, equipment and labor. Each of the seventy-seven 
counties was mailed a survey packet. Twenty-one counties 
responded resulting in a 27% return rate. The responding 
counties are geographically well distributed throughout the 
state of Oklahoma and provide a representative sample of all 
counties. 
Conclusions 
The panels of the demonstration bridge were cast with 
the traffic side down so the upper side of the panel could 
be finished to a smooth surface for bearing on the beams and 
to minimize the amount of required shimming. Since the 
traffic side was cast aga~nst the screenings there was no 
control of this surface. The concrete flowed underneath the 
flange along portions of the steel channels and subsequently 
chipped away causing an approximate 5/ 8 in. variation in 
elevation. This variation causes a roughness when driving 
over the demonstration bridge, although the roughness does 
not exceed the roughness of the adjacent dirt road. This 
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roughness can be eliminated on future panels if the panels 
are cast in the traffic side up orientation. However, if 
the panel is cast with the traffic side up, it is recom-
mended that a concrete casting bed be constructed so that a 
planar bottom surface of the panel will be produced which 
will provide bearing of the panel on the beams and to 
minimize shimming. A more desirable driving texture and 
smoother driving panels can also be obtained. A concrete 
casting bed is recommended for counties interested in 
pursuing this method of deck replacement. 
The seven p~nels used on the demonstration bridge were 
designed to produce a total bridge length of 27 ft 11518 in. 
This length is the sum of seven 3 ft 11518 in. panels and six 
3; 8 in. joints. The as-built length of the bridge is 
28 ft 2112 in. The additional 2718 in. are due to slightly 
out-of-square panels caused by a combination of welding, 
handling, and casting concrete into the steel channel 
frames. At some connection plate locations filler plates 
were needed to fill the joint for connection of adjacent 
panels to the bridge. To minimize the problem of the out-
of-square pan~ls, it is recommended that the panel frames be 
completely fabricated at the steel fabrication plant before 
delivery to the county. A steel fabricator has facilities 
for alignment of the channels for squareness. Base~ upon 
experience with the demonstration bridge plans, the original 
design of the channel frame has been modified to include 
cross-bracing to brace the frame during handling and trans-
porting. Also, cross-bracing will keep the frame square 
during concrete placement. This process should improve 
panel quality and minimize the potential for growth in 
bridge deck length due to out-of-square panels. 
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The original deck panel design for the demonstration 
bridge had the top longitudinal reinforcing bars (parallel 
to traffic) different from the bottom longitudinal bars. 
This is typical of most bridge slabs. Since the field crew 
has the option of casting a panel in a traffic-side-up or 
traffic-side-down orientation, the potential exists for 
workers to inadvertently reverse the upper and lower 
longitudinal reinforcing steel. This error occurred on 
panels 1 through 5 of the demonstration bridge. Although 
the longitudinal reinforcing steel was reversed on panels 
1 through 5, the concrete cover over the top mat (traffic 
side) and bottom mat were correct. The decision was made 
to place the panels as originally planned with the traffic 
surface cast against the rock screenings, thus providing a 
concrete cover over the top mat of steel of 2 in. instead 
of 1 in. Panels 1 through 5 do not meet the AASHTO [2] 
section which addresses distribution of reinforcement. This 
discrepancy is minimal because the panels were designed for 
a maximum beam spacing of 5 ft 6 in. and distribution rein-
forcement is a percentage of the required positive moment 
steel. Also, the panels were designed to span the 
3 ft 115~ in. dimension in a shimmed condition. With the 
reversed longitudinal reinforcing steel, panels 1 through 5 
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are inadequate to span the 3 ft 11518 in. dimension in a 
shimmed condition because the required tension steel is 
located in the top of the panel. This discrepancy was cor-
rected by placing a shim at the center of the panel. Based 
upon the experience with the demonstration bridge the design 
plans were modified to include identical steel for the top 
and bottom longitudinal reinforcing steel. 
Recommendations for Further Research 
Laboratory load testing of the panels designed in this 
research should be performed to provide a comparison of 
laboratory produced stresses to the calculated design 
stresses. The panel edges were designed using an effective 
width philosophy and moment distribution based on the moment 
of inertia of the steel channel with an assumed effective 
width of concrete, reference Chapter III. An actual effec-
tive width and moment distribution could be evaluated more 
precisely through laboratory testing. The results of such 
testing could lead to the modification of reinforcing in the 
panels. 
The design of a connection which would consider com-
posite action with the beams without increasing construction 
difficulty should be investigated. This may also improve 
the load ratings of some existing bridges. 
Additional research utilizing lightweight aggregates 
and concretes should be performed to evaluate weight re-
duction of the panels. The concrete mix should be evaluated 
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for weight reduction, strength characteristics, durability, 
and other factors. 
Admixtures should be evaluated for use in the concrete 
for these panels. such admixtures could possibly create a 
more dense wearing surface which would be resistant to the 
scouring effects of sand and gravel, which is typical for 
rural traffic conditions. The use of high early strength 
concrete could improve the turnaround time if a casting bed 
was utilized that could handle only a minimum number of 
panels, or if stack casting is necessary or desirable. 
Consideration should be given to a co-operative effort 
between counties to construct and utilize a simple pre-
stressing facility with a casting bed and bulkheads for 
constructing prestressed panels. The equipment required to 
perform the jacking operations could be purchased or leased. 
Post-tensioning is an alternate method for fabrication 
of the panels that should be evaluated. The simplest method 
would be the use of threaded bars. This method could be 
performed at the facilities of individual counties. A 
portion of the post tensioning may be performed after the 
panels are on the bridge to tie the panels together. 
The panel to beam connection used in the demonstration 
bridge was designed for ease of construction so workers 
would not be required to go underneath the deck to complete 
the connection. The design of the connection requires a 
3/ 8 in. space between panels to accommodate a 3; 8 in. 
connector plate. This joint provides drainage of surface 
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water from the bridge but allows it to drain on the beams 
below. This creates a potential problem of corrosion of the 
beams. Alternate connection methods and joint details 
including sealants could be evaluated. 
Most county bridges are narrow structures. Several 
counties in Oklahoma have policies that require a minimum of 
two lanes for all replacement bridges. With these policies 
in effect, methods for widening existing bridges should be 
developed to utilize existing structurally adequate members 
of the bridge. such methods should include widening of 
abutments and wings, widening of piers, and the addition of 
beams. 
One of the primary problems with bridges on the county 
road system is the age and poor condition of the bridge 
substructures which have low condition ratings. Many are 
founded on timber piling of unknown conditions. Many have 
timber abutments and piers in poor condition. Additional 
research is needed to develop methods for improving these 
elements of county bridges to a satisfactory condition at 
minimal expense to the counties. 
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APPENDIX A 
DECK PANEL STRUCTURAL CALCULATIONS 
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A 
a 
b 
d 
E 
I 
L 
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APPENDIX A NOMENCLATURE 
effective tension area of concrete surrounding the 
flexural tension reinforcement and having the same 
centroid as that reinforcement, divided by the 
number of bars 
area of tension reinforcement 
depth of equivalent rectangular stress block 
width of compression face of member 
distance from extreme compression fiber to centroid 
of tension reinforcement 
thickness of concrete cover measured from extreme 
tension fiber to center of bar located closest 
thereto 
effective width of concrete section 
specified minimum yield stress of steel 
specified compressive strength of concrete 
modulus of rupture of concrete 
tensile stress in reinforcement at service loads 
impact fraction 
moment of inertia of cracked section transformed to 
concrete 
Effective moment of inertia for computation of 
stiffness and deflection 
moment of inertia of gross concrete section about 
centroidal axis, neglecting reinforcement 
span length 
maximum moment in member at stage for which 
deflection is being computed 
cracking moment 
n 
s 
w 
X 
z 
moment due to dead load 
moment due to live load 
factored moment 
modular ratio of elasticity 
16,000 pound wheel load 
section modulus 
effective span length 
load per unit length or area 
distance in feet from load to support 
distance from centroidal axis of gross section, 
neglecting reinforcement, to extreme fiber in 
tension 
quantity limiting distribution of flexural 
reinforcement 
deflection 
strength reduction factor 
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6 INCH THICK PANEL DESIGN 
DESIGN: 
AASHTO 1989 - 14th ed. 
LOADING: 
HS20-44 with 20 psf future wearing surface. 
MATERIALS: 
Concrete - ODOT Class AA, fc 1 = 3,500 psi minimum. 
Steel Reinforcing - Grade 60 
Structural Steel - A36 
TYPE OF DESIGN: 
Load Factor Design for reinforced concrete. 
Service Load Design for structural steel. 
APPLICATION: 
4 ft o in. maximum beam spacing. 
DESIGN PROCEDURE: 
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The deck panels were designed to provide clear roadway 
widths of 16 ft o in. to 28 ft o in. (2 ft 0 in. increments) 
with 2 ft 5 in. of panel width occupied by the TR-2 traffic 
rail. They were designed to act independently thus 
requiring no connections to provide load transfer from panel 
to panel. Figure A.l shows the deck panel plan. The panels 
were designed using a three step process. In Step 1 the 
panels were analysed based on the equations in AASHTO 
section 3.24. Step 2 considers a detailed analysis of 
loading an edge of the panel. Step 3 considers the effects 
of shimming the panel to provide full bearing. The maximum 
effect in an element of the panel produced by the three 
steps is used in design. The final panel design is a 
combination of the three steps. 
I. . 
~~======~==============================~ \ 
18'-5 TO 30'-5" (2'-0" INCREMENTS) I 
• z 
co (!) 
'·iii l() o...., 
_ lc 
-~ I c:: 
. 0 
..., ..... 
~ STRUCTURAL STEEL CHANNELS 
Figure A.1. Panel Plan 
STEP 1) DESIGN PER AASHTO SECTION 3.24: 
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Figure 3.1 in Chapter 3 shows beam flange widths for 
the bridges considered in this study. A flange width of 6 
in. was selected for design purposes. 
Calculation of Moments: 
(continuity factor = .8) 
w = 95 psf (slab @ 150 pcf + future wearing surface) 
Seff = 4.0 ft- ((6 in.)/12)/2 = 3.75 ft (AASHTO 3.24.1.2) 
MD = 0.134 ft-kipsjft 
MLL+I = • 8 (I) ( (Seff + 2) /32] (P2o) 
I = 1.3 
(AASHTO 3.24.3.1) 
seff = 3. 75 ft 
P20 = 16 kips 
MLL+I = 2 • 990 ft-kipsjft 
1\ = 1. 3 (M0 + 1. 67 (MLL+I) ] 
Mu = 6.67 ft-kips/ft 
Design for Bending Moments: 
Try #4 bars @ 6-1/2 in. 
Concrete cover for Top Bars = 1-1/2 in. 
Concrete cover for Bottom Bars = 1 in. 
(AASHTO 3.22) 
Mucprovided) = ¢AsFy(d - (a/2)) 
¢ = 0.9 
As = 0. 37 in2jft 
dpos moment = 4. 75 in. 
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dneg moment = 4. 25 in. (controls) 
a= (AsFy)/(.85fc'(b)) = 0.62 in. 
MucprovJded) = 6. 56 ft-kips/ft 
(b = 12 in.) 
(1.7% overstress - OK) 
Distribution Reinforcement (AASHTO 3.24.10): 
Percentage = 220/ (Seff) 0 •5 
= 114 
:S 67% 
USE 67% 
As= 0.67(0.37) = 0.25 in2jft 
Results of Step 1): 
#4 bars @ 6-1/2 in. Top and Bottom Transverse 
#4 bars @ 9 in. Bottom Longitudinal 
#4 bars @ 18 in. Top Longitudinal 
STEP 2) DESIGN OF PANELS FOR EDGE LOADING: 
AASHTO section 3.24.9 states that a transverse edge of 
a bridge deck slab shall not be unsupported. This 
requirement is satisfied by utilizing a steel channel 
connected to the edge of the deck panel acting compositely 
with an effective width of concrete. A more exact analysis 
is performed in this step using the tire contact area of a 
16 kip wheel, reference Figure A.2, placed along the edges 
of the deck panel. Figure A.3 illustrates the deflected 
shape of a deck panel with a 16 kip wheel load placed at the 
edge of the panel between support beams. 
c~ 
I ,._8.. I . . 
DIRECTION OF 
TRAFFIC 
Figure A.2. Tire Contact Area of a 16 kip 
Wheel Load (AASHTO 3.30) 
16 KIP WHEEL LOAD 
Figure A.3. Deflected Shape of Panel Due to 
Edge Loading 
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Note (1): Effective portion of panel width for positive 
moment resistance is assumed to be 2 ft 0 in. 
This assumption is based on edge loading small 
scale wood models of the panel and observing the 
deflection pattern. 
Note (2): Effective portion of panel width for negative 
moment resistance is assumed to be half that 
provided by AASHTO 3.24.5.1.1 plus 4 in. (center 
of tire contact area to edge of slab). 
E = [(O.S(X) + 3.75 ft)/2] + (4 in.)/12 
E = [(0.8(2.0 ft) + 3.75 ft)/2] + .333 ft 
= 3.0 ft 
Calculation of Bending Moments: 
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Calculation of both maximum positive and negative 
moments in the deck panel due to edge loading was performed 
using computer aided structural analysis. The dimensions 
shown in Figures A.4 and A.5 are for both the actual bridge 
goemetry and the computer model used in analysis. The 
dimensions in parentheses are those used in the computer 
model to account for the use of an effective slab span of 
3.75 ft as allowed by AASHTO. The uniform load shown will 
provide a 16 kip wheel loading to the structure in both 
cases. 
Positive Moment Calculation: 
Figure A.4 illustrates the loading condition for 
maximum positive bending moment due to edge loading. 
Maximum positive moment occurs at 0.4(length of span) of 
span A-B. 
1'-o'' 1 6' 6'-0" 
(1 5') (5 63') 
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(18 75") I 
9 6 k/f 1 
/.(10 24 k/f) 
if rmmn " ~ 
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II II II 
II II II 
II II II 
r.A.~ c-1b.":: rJb.":: 
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II 
II 
II 
r.A":: 
6'-0" 
(5 63') 
if 
II 
II 
II 
II 
r..:lb.-:~ 
mrnm 
ir 
II 
II 
II 
II 
r.A-s 
Figure A.4. Load Condition for Maximum Positive Moment 
Mocpos> = (0.134 ft-kips) (2 ft) = 0.268 ft-kips 
MLL(pos) = 8. 99 ft-kips 
MLL+I(pos) = 1. 3 ( 8 • 99) = 11.69 ft-kips 
Mucpos> = 1.3(0.268 + 1.67(11.69)) = 25.73 ft-kips 
Negative Moment Calculation: 
Figure A.5 illustrates the loading condition for 
maximum negative bending moment due to edge loading. 
Maximum negative moment occurs at support C. 
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Figure A.5. Load Condition for Maximum Negative Moment 
Mocneg) = (-0.134 ft-kips) (3 ft) = -0.402 ft-kips 
MLL(neg) = -8 • 99 
MLL+I(neg) = 1. 3 ( -8.99) = -11.69 ft-kips 
Mucneg) = 1.3(-0.402 + 1.67(-11.69)) = -25.90 ft-kips 
Design For Positive Moment From Edge Loading: 
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As shown in Figure A.3, the effective concrete for 
resisting positive moment due to edge loading is 2 ft 0 in. 
Figure A.6 part a) shows Section 1-1 from Figure A.3 and 
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Figure A.6 part b) shows the model of Section 1-1 used in 
the panel design calculations. Positive moment is resisted 
by the steel channel (Ch), concrete section (1), and 
concrete section (2). Total positive moment is distributed 
to each of the three sections using stiffness and deflection 
compatibility. The steel channel is transformed into an 
equivalent section of concrete for calculations. 
STRAIGHT LINE APPROXIMATION 
Of DEfLECTION 
SECTION 1-1 
(a) 
CONCRETE 
SECTION (2}1 CONCRETE 
I SECTION ( 1) 
I 
6 e; 
(b) 
co co co 
10 10 0 
N " 
STEEL CHANNEL (Ch) 
Figure A.6. a) Section 1-1 of Figure A.3 Showing Deflection 
of Panel Due to Edge Loading 
b) Straight Line Approximation Used in Design 
Effective Moments Of Inertia: 
Steel Channel (Ch) - C6 X 8.2: 
IeffCCh> = Ig (n) 
I = 13.1 in4 9 
n = 9 
IeffCCh) = 118 in4 
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For calculation of Ieff in concrete sections (1) and (2), try 
the reinforcing steel pattern shown in Figure A.7. 
#4 BARS 
1'-o'' 1'-0" 
CONCRETE CONCRETE 
SECTION (2) SECTION (1) 
As= 36 m2 As= 54 m2 
SYMMETRIC ABOUT 
CENTERLINE 
Figure A.7. Reinforcing Steel Pattern for Calculation of 
Ieff for Concrete Sections (1) and (2) 
Concrete Section (1): 
Ieff(1) = (Mer1Ma(1)) 3 (I9) + [1 - (Mer1Ma(1)) 3 ]Ier ~ I9 
Mer = fr(I9)/Yt 
fr = 7.5 f'c = 444 psi 
I = 216 in4 9 
Yt = 3 in 
Mer = 2. 66 ft-kips 
Ier = b(a3}/3 + n(A5) (d - a)2 
a = ((2 (d) (B) + 1} 0•5 - 1} 1 (B) (Reference [ 11]) 
B = b/(nAS} = 2.47 
a = 1.60 in. 
I = 65 in4 er 
IeffC1> = (2.66/Mac1>} 3 (216} + [1-(2.66/M8 c1>) 3 ] (65} ::::; 216 [EQl) 
Concrete Section (2}: 
IeffC2> = (Mer1Ma(2)} 3 (I9} + [1- (Mer1Ma(2)} 3 )Ier ::::; I9 
I = 216 in4 9 
Mer = 2. 66 ft-kips 
I = 47 in4 er 
IeffC2> = (2.66/M8 cz>} 3 (216) + [1-(2.66/M8 c2>) 3 ] (47) ::::; 216 [EQ2) 
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Distribution of Positive Moment: 
From Figure Ao6 part b) it can be seen that: 
6(C) = 1o 3336(1) = 46(Z) 
Therefore, with stiffness and deflection compatibility: 
Macch,IIeff(Ch) = 1 o 333Mac1/Ieff(1) = 4Macz/Ieff<2> 
1\cpos> = 25 o 73 ft-kips 
[EQ3] 
MaCCh) + Ma(1) + MaCZ) = 25 o 73 ft-kips 
Try: Ma(Ch> = 15 o 07 ft-kips 
MaC1> = 7 o 03 ft-kips 
M8 <2> = 3 o 63 ft-kips 
Substitution of MaC1> and M8 <2> into [EQl] and [EQ2] yeilds: 
Ieff<,>' = 73o2 in4 
Ieff<2> = 113 o 5 in4 
From Equation ,[EQ3] : 
15o07/118 = 1o333(7o03)/73o2 = 4(3o63)/113o5 
Oo128 = Oo128 = Oo128 (equality) 
Therefore, for the Steel Channel (Ch): 
Concrete Section (1): 
Concrete Section (2): 
Check Capacity: 
Check Stress in Steel Channel: 
Find service moment in channel 
Mu = 15o07 ft-kips 
MU = 7o03 ft-kips 
MU = 3o63 ft-kips 
M(channel) = (15 o 07/25 o 73) (11o 69 + 0 o 268) = 7 o 00 ft-kips 
Stress = M/S = (7o00 ft-kips) (12)/(4o38 in3 ) = 19o18 ksi 
Allowable stress = Oo55(Fy) = Oo55(36) = 20 ksi (OK) 
Check Ultimate Moment Capacity of Concrete Section (1): 
Mu = 7o03 ft-kips 
J\cprovH:Ied) == tf:IAsF y ( d - ( aj 2 ) ) 
q:, == 0.9 
A == o. 54 in2 s 
d == 4.75 in. 
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a== (A5Fy)/(.85fc'(b)) == 0.91 in (b == 
MU == .9(.54)(60) (4.75- (0.91/2)) == 10.44 ft-kips 
12 in.) 
(OK) 
Check Crack Control in Concrete Section (1): 
Z == fs(dc(A) )0.33 
f 5 == .6(60) == 36 ksi 
de == 1. 25 inches 
A== 2(1.25)(12)/(2.70 barsjft) == 11.11 
z == 87 < 130 (severe exposure) (OK) 
Check Ultimate Moment Capacity of Concrete Section (2): 
MU == 3.63 ft-kips 
MUcprovHied> == 7. 20 ft-kips 
Check Crack Control in Concrete Section (2): 
z == 99 < 130 (severe exposure) (OK) 
Design for Negative Moment from Edge Loading: 
From Figure A.3, the effective width of concrete section (3) 
used in design for resisting negative bending from edge 
loading is 3 ft 0 in. Assume no deflection of panel at 
bridge beam support. 
Effective Moments of Inertia: 
Steel Channel (ch) - C6 x 8.2: 
IeffCCh) == 118 in4 
For calculation of Ieff in concrete section ( 3) , try the 
reinforcing steel pattern shown in Figure A.a. 
SYMMETRIC ABOUT 
CENTERUNE 
' 2 SPA AT 
6-1/2 
d = 4 2s·C L....L· ___ ·....~..-_· _ • __ • ____ .....L-1 
I 3·-o" 1 . . 
CONCRETE 
SECTION (3) 
As=1 26 an2 
Figure A.a. Reinforcing Steel Pattern for Calculation of 
Ieff for Concrete Section ( 3) 
Concrete Section (3): 
Ieff(3) = (Mcr1Ma(3)) 3 (I g) + [ 1 - (Mcr1Ma(3)) 3] Icr :S Ig 
I = 648 in4 9 
Mer = 7. 99 ft-kips 
I = 125 in4 cr 
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IeffC3> = (7.99/M8 c3>) 3 (648) + [1-(7.99/M8 c3>) 3] (125) :S 648 [EQ4] 
Distribution Of Negative Moment: 
Mucneg> = -25.90 ft-kips 
Ma(Ch) + M8 c3> = -25.90 ft-kips 
With 6' (Ch) = 6' (3) 
Macch,IIeff(ch) = Mac3,IIeff(3) 
Try: Ma(Ch> = -9.86 ft-kips 
M8 c3> = -16.04 ft-kips 
Substitution of M8 c3> into equation [EQ4] yields: 
Ieff(]) = 190 in4 
[EQS] 
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From Equation [EQS]: 
-9.86/118 = -16.04/190 
-0.084 = -0.084 (equality) 
Therefore, for the Steel Channel (Ch): MU = -9.86 ft-kips 
Concrete Section (3): MU = -16.04 ft-kips 
Check Capacity: 
Check Stress in Steel Channel: 
Negative moment is less than positive moment. 
Check Ultimate Moment Capacity of Concrete Section (3): 
MU = -16.04 ft-kips 
MU(provlded) = -22.10 ft-kips 
Check Crack Control of Concrete 
z = 118 < 130 (severe exposure) 
Results of Step 2): 
#4 bars spaced as shown in 
C6 x 8.2 Steel Channel 
Section 
Figures 
STEP 3) DESIGN FOR A SHIMMED CONDITION: 
( 3) : 
A.8 and A.9 
(OK) 
(OK) 
(OK) 
In many instances of deck replacement on existing 
county bridges with steel beams, the top flange of the beams 
will not provide an in-plane table top surface to insure 
full bearing of the concrete deck panel on all beams. 
( Placing shims between the steel channels of the deck panels 
and bridge beams may be required to provide full bearing. 
Figure A.9 part a) shows the arrangement of shims and the 
wheel location which produces maximum bending moment in a 
shimmed condition. 
CENTERLINE BEAMS 
(a) 
1'-6" 8" 
3'-8" 
R 
(b) 
FULL BEARING 
(NO SHIMS) 
LOCATION OF WHEEL FOR ANALYSIS 
OF CRITICAL BENDING MOMENT RESULTING 
FROM A SHIMMED CONDITION 
w = (16 k•ps/8')(12) 
= 24 klps/ft 
STEEL SHIM 
R 
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Figure A.9. a) Arrangement of Shims and Wheel Load Which 
Produces Maximum Bending Moment in a 
Shimmed Condition 
b) Section Through Panel Showing Wheel Load 
Calculation of Bending Moment: 
Distribution Width (AASHTO 3.24.3.2) 
(4 + 0.06(3.67 ft)) = 4.22 ft 
Moment Calculation: 
MD = 0.160 ft-kipsjft 
1\L+I = 17.33 ft-kips/4.22 ft = 4.11 ft-kips/ft 
1\ = 1. 3 (Mo + 1. 67 (~L+I)) 
Mu = 9.13 ft-kips/ft 
Design for Bending Moment: 
Try #5 bars @ 7 in. 
1\cprovu:led> = cf>AsF y ( d - ( a/2 ) ) 
cf> = 0.9 
As = o. 54 in2/ft 
d = 4.19 in 
a= (A5Fy)/(.85f 1 c(b)) 
= 0.53(60)/(.85) (3.5) (12) = 0.89 in 
102 
1\cprovtded) = 8. 93 ft-kips/ft (2. 2% overstress - OK) 
Check Crack Control: 
z = 129 < 130 (severe exposure) (OK) 
Results of Step 3): 
#5 bars at 7 in. Bottom Longitudinal 
6 INCH THICK PANEL FINAL DESIGN: 
The final design detail for the 6 in. thick panel is 
shown in Figure A.10. 
2 SP AT 
4 1/t' = 'd \ 
t',_ \ 4 EQUAL SPA 
= 2'-1 5/8 
#4 BARS 
2 SP AT 
1 4 112 .. = s· 
/--'t' 
CHANNEL 6' X 8 2# WITH 
~L .. ·?--...--.... --fTI---rl"7'"""11r--- ...--....--'""Yl 3/4" DIA X 4' HEADED STUDS AT 24' C/C (ALL EDGES) 
\. 3'-11 5/8" 
Figure A.10. 6 Inch Thick Panel Detail 
7 INCH THICK PANEL DESIGN 
DESIGN: 
AASHTO 1989 - 14th ed. 
LOADING: 
HS20-44 with 20 psf future wearing surface. 
MATERIALS: 
Concrete - ODOT Class AA, fc' = 3,500 psi minimum. 
Steel Reinforcing - Grade 60 
Structural Steel - A36 
TYPE OF DESIGN: 
Load Factor Design for reinforced concrete. 
Service Load Design for structural steel. 
APPLICATION: 
5 ft 6 in. maximum beam spacing. 
DESIGN PROCEDURE: 
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The deck panels were designed to provide clear roadway 
widths of 16 ft 0 in. to 28 ft 0 in. (2 ft o in. increments) 
with 2 ft 5 in. of panel width occupied by the TR-2 traffic 
rail. They were designed to act independently thus 
requiring no connections to provide load transfer from panel 
to panel. Figure A.ll shows the deck panel plan. The 
panels were designed using a three step process. In Step 1 
the panels were analysed based on the equations in AASHTO 
section 3.24. Step 2 considers a detailed analysis of 
loading an edge of the panel. step 3 considers the effects 
of shimming the panel to provide full bearing. The maximum 
effect in an element of the panel produced by the three 
steps is used in design. The final panel design is a 
combination of the three steps. 
18'-5 TO 30'-5" (2'-0 INCREMENTS) 
,. ., 
~~======~================================~ \ • z 00 (.!) ......... -U') b~ ~ lo ~ ~ I co: • 0 I') .... ~~====~~~================================Y ~ STRUCTURAL STEEL CHANNELS 
Figure A.11. Panel Plan 
STEP 1) DESIGN PER AASHTO SECTION 3.24: 
Figure 3.1 in Chapter 3 shows beam flange widths 
the bridges considered in this study. A flange width 
in. was selected for design purposes. 
Calculation of Moments: 
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for 
of 6 
(continuity factor = .8) 
w = 108 psf (slab @ 150 pcf + future wearing surface) 
Seff = 5.5 ft- ((6 in.)/12)/2 = 5.25 ft (AASHTO 3.24.1.2) 
MD = 0.298 ft-kips/ft 
MLL+I = .8(I) [ (Seff + 2)/32] (P2o) 
I = 1.3 
(AASHTO 3.24.3.1) 
seff = 5.25 ft 
P20 = 16 kips 
MLL+I = 3. 770 ft-kipsjft 
Mu = 1. 3 (M0 + 1. 67 (MLL+I) ] 
Mu = 8.57 ft-kips/ft 
Design for Bending Moments: 
Try #5 bars @ 8 in. 
Concrete cover for Top Bars = 2 in. 
Concrete cover for Bottom Bars = 1 in. 
(AASHTO 3. 22) 
Mucprov1ded) = ti»AsFy(d - (a/2)) 
q, = 0.9 
As = 0 • 4 7 in2 I ft 
dpos moment = 5. 69 in. 
dneg moment = 4.69 in. (controls) 
a= (AsFy)l(.85fc'(b)) = 0.79 in. 
Mucprovlded) = 9. 08 ft-kips/ft 
Distribution Reinforcement (AASHTO 3.24.10): 
Percentage = 2201 (Seff) 0•5 
= 96 
:S 67% 
USE 67% 
As = 0 • 6 7 ( 0 • 4 7 ) = 0 • 31 in2 I ft 
Results of Step 1): 
#5 bars @ 8 in. Top and Bottom Transverse 
#4 bars @ 6 in. Bottom Longitudinal 
#4 bars @ 18 in. Top Longitudinal 
STEP 2) DESIGN OF PANELS FOR EDGE LOADING: 
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(OK) 
AASHTO section 3.24.9 states that a transverse edge of 
a bridge deck slab shall not be unsupported. This 
requirement is satisfied by utilizing a steel channel 
connected to the edge of the deck panel acting compositely 
with an effective width of concrete. A more exact analysis 
is performed in this step using the tire contact area of a 
16 kip wheel, reference Figure A.12, placed along the edges 
of the deck panel. Figure A.13 illustrates the deflected 
shape of a deck panel with a 16 kip wheel load placed at the 
edge of the panel between support beams. 
c~ DIRECTION OF TRAFFIC 
F~gure A.12. 
I ,._8.. I . 
Tire Contact Area of a 16 kip 
Wheel Load (AASHTO 3.30) 
16 KIP WHEEL LOAD 
Figure A.13. Deflected Shape of Panel Due to 
Edge Loading 
Note (1): Effective portion of panel width for positive 
moment resistance is assumed to be 2 ft 0 in. 
This assumption is based on edge loading small 
I 
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scall wood models of the panel and observing the 
I 
deflection pattern. : 
i 
Note (2): Effective portion of panel width for neg~tive 
I 
moment resistance is assumed to be half ~hat 
' ' I prov~ded by AASHTO 3.24.5.1.1 plus 4 ~n. 1 (center 
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of tire contact area to edge of slab). 
E = [(O.S(X) + 3.75 ft)/2] + (4 in.)/12 
E = [(0.8(2.75 ft) + 3.75 ft)/2] + .333 ft 
= 3.31 ft Use 3.0 ft for design 
Calculation of Bending Moments: 
Calculation of both maximum positive and negative 
• • I moments 1n the deck panel due to edge load1ng was performed 
I 
using computer aided structural analysis. The dime~sions 
shown in Figures A.14 and A.15 are for both the actual 
bridge goemetry and the computer model used in analysis. 
The dimensions in parentheses are those used in the,computer 
I 
model to account for the use of an effective slab span of 
r 
5.25 ft as allowed by AASHTO. The uniform load shoWn will 
provide a 16 kip wheel loading to the structure in both 
cases. 
Positive Moment Calculation: 
Figure A.14 illu,strates the loading condition for 
maximum positive bending moment due to edge loading. 
Maximum positive moment occurs at 0.4 x (length of span) 
of span A-B. 
1'-lf. 2 2'1 6'-o" 5'-o" 6'-o" (5 73') (4 77') (5 73') (2 1') 
I 20" 
I (18 75") ~ ~ 1111111 1111111 
I I 
if if if if if 
II II II II II 
II u II II II 
II II II II II 
c-.A.-:~ c-A., C"..J!..-:1 r..Jl~ c-.A..-:~ 
Figure A.14. Load Condition for Maximum Positive Mpment 
I 
Mocpos> = (0.298 ft-kips) (2 ft) = 0.596 ft-kips 
MLL(pos) = 12.14 ft-kips 
MLL+J(pos) = 1. 3 ( 12 .14) = 15.78 ft-kips 
Mucpos) = 1.3(0.596 + 1.67(15.78)) = 35.03 ft-kips 
Negative Moment Calculation: 
Figure A.15 illustrates the loading condition for 
maximum negative bending moment due to edge loading. 
Maximum negative moment occurs at support B. 
l'-!i. 2 5' 6'-0" 10'-2" 6'-0" 
(2 39') (5 73') (9 71 ') (5 73') 
2o'' 
(1875") 
rr IIIII II IIIII II ~ 
I I 
1r if 
" " " " II II II II II II II II II II II II 
II II II II II II 
~A~ eo.:&.~ rlb.."';; roJ.!:..,. rlb.., rA, 
5'-6 5'-6' 5'-6 5'-6 5'-6" 
(5 25') (5 25') (5 25') (5 25') (5 25') 
Figure A.15. Load Condition for Maximum Negative Moment 
Mocneg) = (-0.298 ft-kips) (3 ft) = -0.894 ft-kips 
MLL(neg) = -13.72 
MLL+J(neg) = 1.3(-13.72) = -17.84 ft-kips 
Mucneg) = 1.3(-0.894 + 1.67(-17.84)) = -39.89 ft-kips 
Design For Positive Moment From Edge Loading: 
' As shown in Figure A.13, the effective concre~e for 
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resisting positive moment due to edge loading is 2 :ft 0 in. 
Figure A.16 part a) shows Section 1-1 from Figure A.13 and 
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Figure A.16 part b) shows the model of Section 1-1 used in 
the panel design calculations. Positive moment is resisted 
by the steel channel (Ch), concrete section (1), and 
concrete section (2). Total positive moment is distributed 
to each of the three sections using stiffness and deflection 
compatibility. The steel channel is transformed into an 
equivalent section of concrete for calculations. 
STRAIGHT LINE APPROXIMATION 
OF DEFLECTION 
SECTION 1-1 
(a) 
CONCRETE 
SECTION (2) I CONCRETE I SECTION ( 1) 
I 
6' 1'-0 6 
(b) 
STEEL CHANNEL {Ch) 
Figure A.16. a) Section 1-1 of Figure A.3 Showing 
Deflection of Panel Due to Edge Loading 
b) Straight Line Approximation Used in Design 
Effective Moments Of Inertia: 
Steel Channel (Ch) - C7 X 9.8: 
Ieff<Ch) = Ig (n) 
I = 21.3 in4 g 
n = 9 
Ieff(Ch> = 192 in4 
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For calculation of Ieff in concrete sections (1) and' (2), try 
the reinforcing steel pattern shown in Figure A.17. 
d = 569"L 
1'-fi' 1'-0" 
CONCRETE CONCRETE 
SECTION (2) SECTION (1) 
As= 52 m2 As= 88 1n2 
8" 
SYMMETRIC ABOUT 
CENTERUNE 
Figure A.17. Reinforcing Steel Pattern for Calculation of 
Ieff for Concrete Sections ( 1) and ( 2) 
Concrete Section (1): 
Ieff(1) = (Mer1Ma(1)) 3 (Ig) + [ 1 - (Mer1Ma(1)) 3 ]Ier S Ig 
Mer = fr (Ig) /Yt 
fr = 7. 5 f 1 c = 444 psi 
I = 343 in4 g 
Yt = 3. 5 in. 
Mer = 3. 63 ft-kips 
Ier = b(a3)/3 + n(A5) (d - a) 2 
a= ((2(d) (B) + 1) 0•5 - 1)/(B) 
B = b/ (nAS) = 1. 52 
a = 2.16 in. 
I = 139 in4 er 
(Reference [11]) 
Ieff<1> = (3.63/M8 <1>) 3 (343) + [1-(3.63/M8 <1>) 3 ] (139) S 343 [EQl] 
Concrete section (2): 
Ieff(2) = (Mer1Ma(2)) 3 ( Ig) + [ 1 - (Mer1Ma(2)) 3 ] Ier S Ig 
I = 343 in4 g 
Mer = 3. 63 ft-kips 
I = 94 in4 er 
Ieff<2> = (3.63/M8 <2>) 3 (343) + [1-(3.63/M8 <2>) 3 ] (94) S 343 [EQ2] 
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Distribution of Positive Moment: 
From Figure A.l6 part b) it can be seen that: 
6(C) = 1.3336(1) = 46(2) 
Therefore, with stiffness and deflection compatibility: 
Macch,IIeffCCh) = l. 333Ma(1,1IeffC1> = 4Mac2,1IeffC2> 
Mucpos> = 35.03 ft-kips 
Ma(Ch) + Ma(1) + M8 ( 2) = 35.03 ft-kips 
Try: Ma(Ch) = 19.14 ft-kips 
M8 c1> = 11.00 ft-kips 
M8 c2> = 4. 89 ft-kips 
[EQ3] 
Substitution of M8 C1> and M8 c2> into [EQl] and [EQ2] yeilds: 
IeffC1> = 146.3 in4 
IeffC2> = 196.5 in4 
From Equation [EQ3]: 
19.14/192 = 1.333(11.00)/146.3 = 4(4.89)/196.5 
0.100 = 0.100 = 0.100 (equality) 
Therefore, for the Steel Channel (Ch): 
Concrete Section (1): 
Concrete Section (2): 
Check Capacity: 
Check Stress in Steel Channel: 
Find service moment in channel 
Mu = 19.14 ft-kips 
Mu = 11.00 ft-kips 
Mu = 4.89 ft-kips 
M(chamel> = (19.14/35.03) (15.78 + 0.596) = 8.95 ft-kips 
Stress= M/S = (8.95 ft-kips)(l2)/(6.08 in3) = 17.66 ksi 
Allowable stress = 0.55(Fy) = 0.55(36) = 20 ksi (OK) 
Check Ultimate Moment Capacity of Concrete Section,(!): 
Mu = 11.00 ft-kips 
1\cprovuiec:l> = <PAsF y ( d - ( aj 2 ) ) 
<P = 0.9 
A = 0.88 in2 s 
d = 5.69 in. 
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a= (A8 Fy)/(.85fe'(b)) = 1.48 in. (b = 12 in.) 
MU = .9(.88) (60) (5.69- (1.48/2)) = 19.60 ft-kips (OK) 
Check Crack Control in Concrete Section (1): 
Z = fs (de (A)) 0.33 
f 8 = .6(60) = 36 ksi 
de = 1. 31 in. 
A= 2(1.31) (12)/(2.84 barsjft) = 11.07 
z = 88 < 130 (severe exposure) (OK) 
Check Ultimate Moment Capacity of Concrete Section (2): 
Mu = 4.89 ft-kips 
1\cprovlded) = 12.29 ft-kips (OK) 
Check Crack Control in Concrete Section (2): 
z = 105 < 130 (severe exposure) (OK) 
Design for Negative Moment from Edge Loading: 
From Figure A.13, the effective width of concrete section 
(3) used in design for resisting negative bending from edge 
loading is 3 ft 0 in. Assume no deflection of panel at 
bridge beam support. 
Effective Moments of Inertia: 
Steel Channel (ch) - C7 x 9.8: 
Ieff(Ch> = 192 in4 
For calculation of Ieff in concrete section (3), try, the 
reinforcing steel pattern shown in Figure A.18. 
#5 BARS 
SYt.4t.4ETRIC ABOUT 
CENTERLINE 
3'-o" 
CONCRETE 
SECTION (3) 
As=1 92 m2 
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Figure A.18. Reinforcing Steel Pattern for Calculation of 
Ieff for Concrete Section ( 3) 
Concrete Section (3): 
Ieff(3) = (Mcr1Ma(3)) 3 ( Ig) + [ 1 - (Mcr1Ma(3)) 3] Icr S Ig 
I = 1029 in4 g 
Mer = 10. 9 ft-kips 
I = 213 in4 cr 
Ieff<3>= {10.9/M8 <3>) 3 (1029) + [l-{10.9/M8 <3>) 3] {213) S1029 [EQ4] 
Distribution Of Negative Moment: 
1\cneg> = -39.89 ft-kips 
Ma(Ch> + M8 <3> = -39.89 ft-kips 
With 6(Ch) = 6(3) 
Macch,IIeff(ch) = Ma(3,1Ieff(3) 
Try: Ma(Ch) = -15.90, ft-kips 
M8 <3> = -23.99 ft-kips 
Substitution of M8 <3> into equation [EQ4] yields: 
Ieff<3> = 289.1 in4 
[EQS] 
From Equation [EQS]: 
-15.90/192 = -23.99/289.1 
-0.083 = -0.083 
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(equality) 
Therefore, for the Steel Channel (Ch): Mu = -15. 90' ft-kips 
I Concrete Section (3): Mu = -23.99' ft-kips 
Check Capacity: 
Check Stress in Steel Channel: 
Negative moment is less than positive moment. (OK) 
Check Ultimate Moment Capacity of Concrete Section'(3): 
Mu = -23.99 ft-kips 
Mu(provtded) = -35.88 ft-kips 
Check Crack Control of Concrete Section (3): 
z = 142 ~ 130 but < 170 (moderate exposure) 
Results of step 2): 
#5 bars spaced as shown in Figures A.8 and A.9 
C7 x 9.8 Steel Channel 
STEP 3) DESIGN FOR A SHIMMED CONDITION: 
(OK) 
(Say OK) 
In many instances of deck replacement on existing 
county bridges with steel beams, the top flange of the beams 
will not provide an in-plane table top surface to insure 
full bearing of the concrete deck panel on all beams. 
Placing shims between the steel channels of the de¢k panels 
' 
and bridge beams may be required to provide full bearing. 
I 
Figure A.19 part a) shows the arrangement of shims:and the 
I 
wheel location which produces maximum bending moment in a 
shimmed condition. I 
STEEL CHANNELS STEEL SHIMS 
CENTERLINE BEAMS 
FULL BEARING 
(NO SHIMS) 
LOCATION OF WHEEL FOR ANALYSIS 
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OF CRITICAL BENDING MOMENT RESULTING 
FROM A SHIMMED CONDITION 
(a) 
1'-6" 8" 
3'-B" 
R 
(b) 
w = (16 kaps/8")(12) 
= 24 klps/ft 
STEEL SHIM 
R 
Figure A.19. a) Arrangement of Shims and Wheel Load Which 
Produces Maximum Bending Moment in a 
Shimmed Condition 
b) Section Through Panel Showing Wheel Load 
Calculation of Bending Moment: 
Distribution Width (AASHTO 3.24.3.2) 
(4 + 0.06(3.67 ft)) = 4.22 ft 
Moment Calculation: 
MD = 0.182 ft-kips/ft 
MLL+I = 17.33 ft-kips/4.22 ft = 4.11 ft-kipsjft 
1\ = 1. 3 [Mo + 1. 67 (MLL+I) ] 
Mu = 9.16 ft-kips/ft 
Design for Bending Moment: 
Try #4 bars @ 6 in. 
~\(provided) = ¢AsFy(d - (a/2)) 
¢ = 0.9 
A5 = 0. 40 in2jft 
d = 5.13 in. 
a= (A5Fy)/(.85f'c(b)) 
= 0.40(60)/(.85) (3.5) (12) = 0.67 in. 
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1\(provldecl) = 8. 63 ft-kips/ft ( 6. 0% overstress - Say OK) 
Check Crack Control: 
z = 126 < 130 (severe exposure) (OK) 
Results of Step 3): 
#4 bars at 6 in. Bottom Longitudinal 
7 INCH THICK PANEL FINAL DESIGN: 
The final design detail for the 7 in. thick panel is 
shown in Fiqure A.20. 
2 SPA AT 
4 = 8 
2 6" 
3'-11 5/8 
2 EQUAL SPA 
= 1'-3 5/g' 
2 SPA AT 
4 = 8 
6" 2 
CHANNEL 7' X 9 8# WITH 
3/J;' DIA HEADED ~TUDS 
AT 24 C/C (ALL EDGES) 
Figure A.20. 7 Inch Thick Panel Detail 
APPENDIX B 
DECK PANEL DRAWINGS 
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TRANSVERSE PRECAST DECK PANELS 
PLAN 
ELEVATION 
... ,...m GLF 
DRAWN GLF PLAN AND ELEVATION 
CliECI<ED GLF PRECAST DECK PANEL BRIDGE 1-1 
DATE MAY 1991 1-1 
0) 
.. 
18 ,. 
-
~ ~ f-- 1 1/4 FORMED HOL£5 FOR 
- 2 1/t' 2 1// TR-2 TRAFflC RAIL CONN 
~ I 
~ ~ ji}! \ CHANNEL 6 X 8 2# WITH "' ~f=-= .. i lf42. 0~;~ ?,.J'~,w,.ruos .. 
" 
;:, 
-
UF11NG LOCAl10NS f-1 _;3::.4=-if--'"'-'-:;:lf~MAX=I:"'UN""---f---""";:-11'"-'t.W<=IM=UM::__+......:o3_:-;,0_-j 
TR-2 TRAFFIC 
RAIL 
1 
I 
2-2 1 r 
"""' . 
• CI.£.,6,RN\ICE SHAll BE MAINTAINED FOR 
CONNEat"ION OF TR-2 TRAfflC RAIL 
PANEL PLAN 
31 - ET f5 X 3-.. TOP 
J1 - EB #5 X 3 -ff BOTTCJN 
9 - A1 BARS_f~ X 18-1 TOP 
9- 81 BARS #4 X 18-1 BOTTOM 
REINFORCING PLAN 
16 -d' ClEAR ROM:NIAY 
EXISTJNG BEAMS AT 4 -r:t' MAXIMUM 
CROSS SECTION 
A 
A 
-2 1/t' 
""". 
1-2 1 ~ 
RAIL 
2 SPA. AT 
• 1/t' = 9 
A1 AND 81 BARS --f=tz:'-"-fo-'-";;"'7'-;;"iir--+-'--Fif-
SECTION A-A 
CHANNEL ~ X l!i 2 WITH 
J/4 01.' X 4 H~ED STUDS 
AT 24 C/C 
(AlL EDGES) 
PANEL BAR LIST PANEL QUANTITIES 
BAR MARK SIZE NO FORM L£NGTH nEN UNIT QUANTITY 
AI 
81 
ET 
E8 
,. g SIR 18-1 CLASS M CONCRETE CY I 35 
,. 9 STR 18-1 REINFORCING STEEL GRADE 60 L8 455 
#5 31 STR 3-8 STRUCTURAL STEEL AJ6 LB 405 
#5 31 SIR 3-.. 
PANEL DESIGN DATA 
LOHJING HS20 WllH 20 P SF rutuRE WEARING SURFACE (4 -r/' t.IAXIMUM BEAM SPliCING) 
DESIGN MSt-0"0 - 1989 
wso LFD 
CONCRETE CLASS M F'c • J 500 P 5 I 
REINFORCING STEEL (GRADE ISO) Fs • 60 000 P 5 I 
STRUCTURitJ.... STEEL AJIS Fs • 20 000 P S I 
GENERAL NOTES 
AU. CONSTRUCnON AND MATERIALS SHALL BE IN ACCORDANCE WITH THE 
1968 OKlAHOMA. STANDARD SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
AND SUPPLEMENTAL SPECIFICATIONS 
~ UNIFORM PANEL THICKNESS 16 -ff CLEAR ROAD/lAY WITH TR-2 METAL TRAFfiC RAIL 
CLASS AA CONCRETE WITH MAXIMUM AGGREGATE 1 Dlr' 
REINFORCING SH4.LL BEGIN AND END A MAXIMUM OF 'r FROM FACE OF CONCRETE 
NO WELDING OR TACK WaDING OF REINFORCING BARS SHAU. BE PERMITTED 
NO WUDING OR TACK WELDING TO THE Ft..ANGES QF THE STEEL CHANNELS SHALL BE PERMITTED 
FOR PN-IELS CAST IN A TM"FIC SIDE DOWN POSITION THE REINFORCING BMS 51-W.L BE 
SUPPORTED FROM ABOVE 
FOR PANELS CAST IN A TRAFTIC SIDE UP POSmON THE REINFORCING BARS SH.AU BE SUPPORlED 
ON METAl CHAIRS SPACED AT <J -rf MAXIMUM 
CONCRETE IN EACH PANEL StW.L BE POURED IN ONE CONTINUOUS POUR 
STEEL CHMINELS SHALL BE PAINTED WITH lWO COATS OF ZINC RICH PAINT 
PANELS SHALL NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH OF J &10 PSI 
HAS BEEN REACHED 
LIFTING NOTES 
TOTAL PANEL WEIGHT • 6 3.30 LBS 
PANELS Si-W.l NOT BE UFTEO AND HANDLED UNTIL A MINIMUM CONCRETE STRENGTH OF J 000 P S I 
HAS BEEN REACHED 
THE PANEL SHALL BE SUPPORTED AS A MINIMUM AT THE UmNG LOCATIONS SHOWN ON 
THE PANEL PLAN 
THE UFTING SYSTEM USED TO UFT AND HANDLE THE PANEL SHALL PRODUCE EQUAL LOAD 
AT AU LIFTING LOCATIONS 
DESIGNED GLF f{' CONCRETE DECK 
DRAWN GLF FOR 
PANEL 
CHECKED GLF 16 -o• CLEAR ROADWAY ( 4 -r:t' MAXIMUM BEAM SPACING) 
OAT£ MAY 1991 
"' 
20 .. 
-
~ ~ - I 1/4 FORUEO HOLES FOR I 2 I /Z' / TR 2 11W'FIC """' CONN I 
-
~ I~ ~ CHANNEl ff' X 8 2#_ WITH Jl}! ~:::-= J/ 4 DIA X 4 HEADED STUDS I ~ ~ I AT 24 C/C (ALL EDGES) 
" 
-
II 
-u--
JL 
I 
2-2 1 -r 
MAX ' 
• ClEARANCE SHALl. BE MAINTAINED FOR 
CONNECTION OF lR-2 TRAFFlC RAIL 
PANEL PLAN 
20"-S' 
J5-ETf5X3-8"TOP 
35 - EB f5 X 3 fJ' BOTTON 
9- AI BARS 14 X 2D-I TOP 
9- 81 BAAS f4 X 20-1 BOTTOU 
I 
I 
I 
REINFORCING PLAN 
I 
I I-
I 
" " 
" 
" ..L. ..L. .JL. 
EXISTING BEAMS AT 4 -rt' MAXIMUM 
CROSS SECTION 
A 
A 
.. 
. . 
I 
2-2 1/'f 
MAX • 
I 
2 SPA. AT 
• 1/Z' = 'il' 
A I AND 81 BARS --!OJZ:-'-+--':-=,;=.'7;~-+-L-j1,-
SECTION A-A 
PANEL BAR LIST 
CHANNEL 6 X 8 2 WITH 
3/4 CIA. X 4 HEADED snJDS 
AT 24 C/C 
(ALL EDGES) 
PANEL QUANTITIES 
I BAR MARK I SIZE I NO I FORU I LENGTH nEM UNIT OUANTOY 
AI 
81 
ET 
EB 
STR 20-1 CLASS M CONCRET£ CY 100 
• 9 STR 20-1 REINFORCING STEEL GRADE 60 LB 
5 J5 STR 3-8 STRUCTURAL STEEL A.36 LB 
#5 35 STR 3-8" 
PANEL DESIGN DATA 
LCW>ING HS20 WllH 20 P SF FUTURE WEARING SURFACE (4 -rf MAXIMUM BEAM SPN:ING) 
DESIGN M.SHTO - 1989 
WSD LFO 
CONCRETE CLASS M f"c • 3 500 P S I 
REINFORCING STEEL (GRADE 60) Fs • 60 000 P S I 
STRUCTUAAL.. STEEL A36 F's • 20 000 P S I 
GENERAL NOTES 
AU CONSTRUCTION AND MATERIALS SHALL BE IN ACCORDANCE WITH THE 
1988 OKLAHOMA STANDARD SPECIFICATIONS F'OR HIGHWAY CONSTRUCTION 
AND SUPPlEMENTAL SPECIF'ICA.TIONS 
fr UNIFORII PANEL THICKNESS 18 -rf CL.EAA ROADWAY WITH lR-2 METAL l'RAFFlC RAIL 
CLASS M CONCRETE WITH MAXIMUM AGGREGAlE 1 OIA 
REINFORCING SHI\LL BEGIN N-lD END A MAXU.IUM OF Z: FROM FACE OF CONCRETE 
NO WELDING OR TACK WELDING Of REINFORCING BARS SHALL BE PERt.!ITTED 
509 
4J7 
NO WELDING OR TACK WELDING TO THE FLANGES OF THE STEEl CHANNELS SHALL BE PERMITTED 
FOR PANELS CAST IN A TRAFFIC SIDE DOWN POSITION THE REINFORCING BAAS SH'.U. BE 
SUPPORTED FROM ABOVC: 
FOR PANELS CAST IN A TRAFflC SIDE UP POSffiON THE REINFORCING BARS SHALL BE SUPPORlED 
ON METAL CHAIRS SPACED AT 4 -rf MA>;IMUM 
CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTINUOUS POUR 
STEEL CHANNELS SHALL BE PAINTED WITI·I TWO COATS OF ZINC RICH PAINT 
PANELS SHAll NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH Of J ~00 PSI 
HAS BEEN REACHED 
LIFTING NOTES 
TOTAL PANEL WEIGHT • 7 020 LBS 
PANa5 SHALL NOT BE LIFTED AND HANDLED UNTIL A MINIMUM CONCRETE STRENGTH OF 3 000 PSI 
HAS BEEN REACHED _ 
THE PANEL SHALL BE SUPPORTED AS A MINIMUM AT THE LIFTING LOCA.nONS SHOWN ON 
THE PANEL PLAN 
THE lifTING SYSTEM USED TO UfT AND HANDLE THE PANEL SHALL PRODUCE EQUAL LOAD 
AT ALL LIFTING LOCATIONS 
DESIGNED GLF 6" CONCRETE DECK 
DRAWN GLF FOR 
PANEL 
CHECKED GLF 18 -0" CLEAR ROADWAY (4 -r1' MAXIMUM BEAM SPACING) 
DATE MAY 1991 
1-' 
1\J 
0 
,., 22 !I' 
-
~ ~- - 1 1/4 FORMED HOLES FOR CHANNEL ~ X 8 2f WITH 
- 2 1 /Z' 2 1 /Z' / TR-2 TRAFFIC R.OIL CONN 3/4 014. X 4 HEADED STUDS 
'\ ~ I AT 2-'f' C/C (ALL EDCfS) 
~ ~ lli/ HF-= .. .. I ~ I .., 
-
UFTING LCCA~ONS ll-...:3~-:!ti'~+---&=-<J'~-=I"'M~UM:_ __ +---·=-rf~t.IAXJ=,w~UM:_ __ +.......:3~-:!tl'~-j 
2-2 1 -r 
..... 
" ClEARANCE SHALL BE MAINTAINED FOR 
CONNECTION OF TR-2 TRAFFIC RA.IL 
PANEL PLAN 
22 -!1' 
38-ETf5X3-8"TOP 
38 - EB f5 X 3 -fl' BOTTON 
9 - A1 BARS f4 X 22 -1 TOP 
9 - B1 8'RS f4 X 22-1 BOTTOM 
REINFORCING PLAN 
EXISTING EIEAMS AT 4 -rt' MAXIMUM 
CROSS SECTION 
A 
[ 
A 
I 
2-2 1/t: 
MAX • 
2 SPA AT 
4 1/Z' = " 
A1 AND 81 BARS -lf"-Z:I-'-1--''--"::"':'=-:'-z;;..-!-..L.-!=if---
SECTION A-A 
PANEL BAR LIST PANEL QUANTITIES 
BAR MARK SIZE NO FORM LENGTH ITEM UNIT QUANTrTY 
A1 
81 
ET 
•• 
,. 9 STR 22 I" CLASS M. CONCRETE CY 1 65 
,. 9 STR 22-1 REINFORCING STm GRADE 60 LB 
#5 38 STR 
3 -· 
STRUCTURAL STEEL A36 LB 
#5 38 STR 3-8" 
PANEL DESIGN DATA 
UW>ING HS20 WITH 20 P SF FUTURE WEARING SURFACE (4 -rf MAXIMUM BEAM SPACING) 
DESIGN MSHTO - 1989 
WSO LFO 
CONCRETE CLASS M F'c • .3 500 P S I 
REINFORCING STEEL (GRADE 60) F':!ll • 60 000 PSI 
STRUCTUFW. STEEL A36 Fs • 20 000 P S I 
GENERAL NOTES 
ALL CONSTRUCllON AND MATERIALS SHALL BE IN ACCOROMICE WITH THE 
1988 OKLAHOMA. STANOM:D SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
AND SUPPLEMENTAL SPECIFICATIONS 
ff UNIFORM PANEL THICKNESS 20 -ff CLEAR ROAfNtAY WITH TR-2 METAL TRAFflC RAIL 
CLASS M CONCRETE WITH MAXIMUM ACCREGATE 1 DIA 
REINFORCINC SHALL BECIN AND END A MAXIMUM OF 'r FROM FACE OF CONCRETE 
NO WELDING OR TACK WELDING OF REINFORCING BARS SHH..L BE PERMITTED 
506 
••• 
NO WELDING OR TACK WELDING 10 lHE FLANGES OF THE STEEL CK'.NNELS SHALL BE PERMrnED 
FOR PM!ElS CAST IN A TRAFFIC SIDE DOWN POSITION "THE REINFORCING BARS StW.l. BE 
SUPPORTED FROM ABOVE 
FOR PANELS CAST IN A TRAFnC SIDE UP POSmON THE REINrORCING BARS SHM..L BE SUPPORTED 
ON METAL C~RS SPACED AT 4 -Cf MAXIMUM 
CONCRETE IN EACH PANEL Slil\ll BE POURED IN ONE CONllNUOUS POUR 
STEEL CHANNELS SHALL BE PAINTED WITH 'TWO COA.TS OF ZINC RICH PAINT 
PANELS SHALL NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH OF 3 ~0 P S I 
HAS BEEN REACHED 
LIFTING NOTES 
TOT.AL PANEL WEIGHT • 7 7.30 LBS 
PANELS 51-W.L NOT BE UFTEO AND HANDLED UNTIL A M!NIUUU CONCRETE STRENGTH Of 3 000 P S I 
HAS BEEN REACHED - _, 
THE PANEL SHALL BE SUPPORTED AS A MINIMUM AT THE UFTING L.OCAnONS SHOWN ON 
THE PANEL PLAN 
THE UFTING SYSTEM USED TO UFT AND HANDLE THE PANEL SHA.U. PRODUCE EQUAL LOAD 
AT AU. UFTING LOCATIONS 
DESIGNED GLF 6" CONCRETE DECK 
DRAWN GLF FOR 
PANEL 
CHECKED GLF 20-0 CLEAR ROADWAY (4 -0" MAXIMUM BEAM SPACING) 
DATE ~AY 1991 
,., 24 .so 
-
§ ~ f-- 1 1/'(' FORNEO HOLES FOR CHANNEL ({' X 8 2f WITH 
- 2 1/'Z" 2 1/'Z"/ lR-2 TRAFFIC RA1f. CONN 3/4 W.. X ~ HEADED STUDS ~ ~ I II AT 24 C/C (AU. EDGES) 
~ !l~ ~~ .. . . I s I = 
-
umNG LlXAnONS f-1 _;3::.-:;,lf'-+--"8_:-_,lf__,NAX=INUN=--!---"8..:-<>""'-...=NAX=II"=""--!---'8..:-"'Ifc...:MAX=IN::!U:::Nc__-f--"3.=-,_lf---{ 
PANEL PLAN 
"" li 
41 - ET IS X 3-lf TOP 
41 - EB f5 X 3 -f!' BOITOM 
II 
9 - A1 BARS 14 X 24-1 TOP 
9 81 ~ f4 X 24-1 BOTTON 
lR-2 TRAFFlC 
RAIL 
2-2 1 'r 
MAX ' 
• CLEARANCE SHALL BE MAINTAINED FOR 
CONNECTION OF TR-2 TR.'Ff'IC RAIL 
REINFORCING PLAN 
22 -rJ' CLEAR ROAfJNA.Y 
EXISTING BEAMS AT 4 -rf MAXIMUM 
CROSS SECTION 
I 
I 
-I 
...... 
A 
A 
I 
2-2 1/"r 
MAX. • 
2 SPA. AT 
• 1/t' = 'if' 
A 1 ANO 91 BARS -i=Z:t-''-\--'=-"~'=-f;;o;:..-+-L.o¥-f-
SECTION A-A 
PANEL BAR UST PANEL QUANTITIES 
BAR NARK SIZE NO FORM LENGTH ITEM UNIT QUANTITY 
A1 #4 • S1R 24-1 CLASS M CONCRETE CY 1 79 
91 #4 9 S1R 24-1 REINFORCING STEEL GRADE 60 lB 603 
ET #5 41 S1R 3 -If STRUCTURAL STEEL A.36 LB 523 
EB #5 41 S1R 3 If 
PANEL DESIGN DATA 
Lo.-DINC HS20 WI1H 20 P SF FUn.JRE WEARING SURFACE (4 -rt' MAXIMUM BrAM SPACING) 
DESIGN MSHTO - 1989 
wso LFD 
CONCRETE CLASS M f'c • 3 500 P S I 
REINFORCING STEEL (GRADE 60) Fa • 60 000 P S I 
STRUClUR.tL STEEL A36 F11 • 20 000 P S I 
GENERAL NOTES 
AU. CONSTRUCnON AND MATERIALS StW..L BE IN ACCORo.&rNCE Wmt THE 
1988 OKLAHOMA STANDARD SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
AND SUPPLENENTAL SPECIFICATIONS 
~ UNIFORM PANEL THICKNESS 22 -rJ' CLEAR ROADWAY WITH TR-2 MET.Al.. TRAFFIC RAIL 
CLASS M. CONCRETE WITH MAXIMUM AGGREGATE 1 DIA 
REINFORCING SHALL BEGIN ,t,ND END A MAXIMUM OF 'r FROM FACE OF CONCRETE. 
NO WELDING OR TACK WELDING OF REINFORCING BARS S~ BE PERMITTED 
NO WELDING OR TACK WELDING TO TiiE FLANGES Or THE STEEL C~NNELS SHALL BE PERt.lmED 
FOR PANELS CAST IN A TRAFF'IC SIDE DOWN POSITION THE REINFORCING BARS SHALL BE 
SUPPORTED FROU ABO\IE 
FOR PANELS CAST IN A TRAF'AC SIDE UP POSITION THE REINFORCING BARS 51-W..L BE SUPPORTED 
ON 1.4ETAL CH.'JRS SPACED AT 4 -fl' MAXIMUM 
CONCRETE IN EA.CH PANEL. SHALL BE POURED IN ONE COrfllNUOUS POUR 
STEEL CHANNELS SI-W.l. BE PAINTED WI1H TWO COATS OF ZINC RICH PAINT 
PANELS SHALL NOT BE PLACED ON BRIOCE UNTIL A. MINIMUM CONCRETE STRENGTH or 3 500 P S I 
HAS BEEN REACHED 
LIFTING NOTES 
TOTAL PANEL WEIGHT • 8 J80 LBS 
PANELS SHALl NOT BE UFTEO AND HANDLED UNTIL A MINIMUM CONCRffi STRENGTH OF 3 000 P S I 
HAS BEEN REACHED 
"THE PANEL SHALL BE SUPPORTED I>S A MINIMUM-AT THE UFTING LOCATIONS SHOWN ON 
THE PANEL PLAN .,. 
THE LIFTING SYSTEM USED TO UFT AND HANDLE THE PANEL SI-W.l PRODUCE EQUAL LOAD 
AT ALL LIFTING LOCATIONS 
DESIGNED GLF 6" CONCR£TE DECK 
DRAWN GLF FOR 
PANEL 
CHECKED GLF 22 -o• CLEAR ROADWAY (4 -rt MAXIMUM BEAM SPACING) 
DA1£ MAY 1991 
"" 
26-5 
~ -6 ~ 1-- 1 1/4 FORt.I£D HOlE'S FOR CHANNEL ft X 8 2# W11H 
- ~ 2 1/2"_ / TR-2 TRAF~C RAIL CONN 3/4 DIA. X 4 HEAOCD STUDS \ 
~ I / AT 24 C/C (ALL EDGES) 
~~~================================~ -~ ~ !.~ -:-=~ ·j·-~ ~ 
PANEL PLAN 
.. 
.. 
26-!t' "~II 4-ooon II"~ 
O-A1BARS#4X28-1 TOP 
s - e1 BARS f4 x 2& -1 eonot.~ 
A 
REINFORCING PLAN 
1 -2 1 -r 1 -2 1/.J' 
RAIL 24 -<1' CLEAR RDMNIAY I RAJL 
~~ ~2~1/~22"~~·4-----------------------~~~··~~~~A~J~T~-~24~-B'~-----------------------+~~~2~1~~~ ~ ~ ?- !I ~~ ~ lR-2 TRAFnc RAJL 
I 
' I 
' I • I I I I II II ' -- - I - - - • - ·--I ·- - -
..L. JL ..L. 
I 
, 
2-2 1/d 
NAX • 
..A. 
• a.EARANCE St-W..L BE MAINTAINED FOR 
CONNECnON OF' TR-2 TlWFIC RAIL 
..L. 
EXIST1NG BEMIS AT 4 -tr MAXIMUM 
CROSS SECTION 
1 
MAX ' 
2 SPA. AT 2 SPA AT 
4 •t:t = '~' \ 1.,! •l:t = '1' 
AI AND 81 BARS -I=JZ:p \-+...._:4=-E".;Q"'U:;AL'-"'SP;,;"-~f-'J'-f--':4.,_ I I -~ft I II CHANNU X 82# MTH 
,r-1~. ~ 3/4 DIA. X 4 HEAD£0 STUDS 
"L_ ltii-r--. : ~f AT 24 C/C 
fo'----~B:.,'.::_ BN<S.!.II'-"'O/:.eB'c.._ _ -11 (ALL EDGES) 
SECTION A-A 
PANEL BAR LIST PANEL QUANTITIES 
BAR"""" SIZE NO FORM LENGTH ITEM UNIT QUANTITY 
A1 #4 9 STR 26 1 CLASS M CONCREfE CY 
81 #4 9 STR 26-1 REINFORCING STEEl GRADE 60 LB 
ET #5 45 STR 3-B' STRUCTURAL StEEL AJ! LB 
EB #5 45 STR 3-ft 
PANEL DESIGN DATA 
LQ,IDING HS2D wt'll1 20 P S F FUTURE W~ING SURFACE 
DESIGN MSHTO - 1989 
(4 -rf' JUt.XIMUM BEAM SPACING) 
CONCRETE CLASS M 
REINFORCING STEEL (GRADE 60) 
STRUCl\JRAL. STEEL AJS 
GENERAL NOTES 
WSD 
Fs • 20000 PSI 
LFD 
F"c • 3500 PSI 
F:a • 60000 PSI 
ALL CONSTRUtnON AND WAiERIAIS SHALL BE IN ACCORilANCE WfTH THE 
1988 OKLAHOW. ST.ANDMO SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
AND SUPPLEMENTAL SPECIFICATIONS 
6' UNIFORM PN-IEL THICKNESS 24 -(/' CLEAR ROMNfAY WrTH TR-2 METAL TRAFFIC RAIL 
ClASS AA CONCR£lE WITH MAXIJ.IUM AGGREGATE 1 DIA. 
REINFORCING SHALL BEGIN HID END A UAXIMUJ.I OF X' FROM FACE OF CONCRETE 
NO WELDING OR TACK WELDING OF REINFORCING BAAS SHALL BE PER114ITTED 
NQ WElDING OR TACK WELDING TO lHE FLANGES OF THE STEEL CHANNELS SHALL BE PERNITTEO 
FOR PH4ELS CAST IN A TFWTIC SIDE DOWN POSITION THE REINFORCING eMS 51-W.J. BE 
SUPPORTED FROM ABOVE 
FOR PANELS CAST IN A TAAFAC SIDE UP POSmON THE REINFORCING BARS SHAll BE SUPPORTED 
ON METAL CH"--RS SPACED AT 4 -ff MAXIMUM 
CONCRETE IN EACH PANEL Stw...L BE POURED IN ONE CONnNUOUS POUR 
STEEL CHANNElS SHALL BE PAINTED WITH TWO COATS OF ZINC RICH PAINT 
PANELS SHALL NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH OF J 500 P S.l 
HAS BEEN REACHED 
LIFTING NOTES 
TOTAL P.ANEL WEIGHT • 9 070 LBS 
PANELS Sf-W.L NOT BE UFTEO AND HANDLED UNTIL A NIN1t.4UM CONCRETE STRENGTH OF 3 000 P S I 
HAS BEEN REACHED 
THE PANEC sHALL BE suPPORlEo AS A -MtNii.iut.t AT -THE urriNG-LOCA.riONs SHowN oN 
THE PANEL~ 
THE UFTING SYSTEM USED TO UFT .AND HANDLE THE PANEL SHAll PRODUCE EQUAL LOAD 
AT ALL umNG LOCATIONS 
194 
e58 
556 
DESIGNED GLF 6" CONCRETE DECK PANEL 
DRAWN GLF FOR 
CHW<EO GLF 24 -o• CLEAR ROADWAY ( 4 -r:J' MAX1114UM BEAM SPACING) 
DATE MAY 1991 
...... 
liJ 
w 
28 -5" 2 SPA. AT 2 SPA AT 
'lo 
• 1/t' =<I'~ /,;, 1/t' = <I' ~ ~ r I 1/4 FORMED HOLES FOR CHANNB. D' X 8 2/1 WITH A1 AND 81 BARS 2': 4 EOUN... SPA. 
- 2 1 It' 2 1/t' / TR-2 lRAmC RAIL CONN 3/4• DIA. X ~ HEADED STUDS ~ I I -2 15/11' -1 II CHANNEL .. X 8 2# WITH ~ I AT 24 C/C (ALL EDGES) ~~ 
~ IV "'L _/ 3/4 DIA.. X 4 HEADED STUDS AT 24 C/C ~ (ALL EDGES) ~~==--= .. I ~ I :i.- .. -I 3-11 S/lr ., :::-
-
I I I I I I 
SECTION A-A 
-
UfllNG LOCATIONS J-<1' 1!1 -<I NAXIMUN 8 -rt MAX11.4UM 8 -(f MAXIMUM J -<1' 
PANEL BAR LIST PANEL QUANTITIES 
BAR UARK SIZE NO FORM LENGTH ITEM UNIT QUANTITY 
PANEL PLAN ., ,. 9 .,. 28-1 CLASS M CONCRETE CY 209 
81 ,. 9 .,. 28-1 REINF"ORCING STEEL GRADE 60 LB 705 
ET #5 48 .,. J-11' SlRUCTURAL STEEL A38 LB 509 
28 -5" EB #5 48 .,. J-11' 
2 tLt' II 48-ETfSXJ-!I'TOP II"~ 48 - EB f5 X 3 -fl' 80TIOM PANEL DESIGN DATA A LOADING J-1520 WITH 20 P S F fUTURE WEARING SURFACE (4 -rt' MAXIMUM BEAM SPACING) 
DESIGN MSHTO - 1989 
wso Lro 
0- AI BARS 14 X 28-1 TOP CONCRETE CLASS M 
-- f"e • 3500 PSI 
9 - 81 ~ 14 X 28-1 BOTTOM REINFORCING SfEEL (GRADE 60) -- Fs • 60000 PSI 
STRUCTURAL. STEEl AJ6 Fs • 20000 PSI 
--
GENERAL NOTES 
A AU. CONSTRUCnON AND loiATERIALS SHALL BE IN ACCOR~CE WITH THE 1988 OKLAHOMA STAND.ARO SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
REINFORCING PLAN AND SUPPLEMENTAL SPECIFICATIONS. 
ff' UNIFORM PANEL THICKNESS 26 -0" CLEAR ROADWAY \liTH TR-2 METAL TRAFfiC RAIL 
CLASS AA CONCRETE WITH MAXIMUM AGGREGATE 1 DIA 
1 -2 .!!!' REINFORCING: SHA.LL BEGIN AND END A MAXIMUM OF' '2' FROM FACE OF CONCRETE. 1-2 1 ~ NO WELDING OR TACK WELDING OF' REINFORCING BAAS SH.'il BE PERMITTED 
RAIL 26 -rt CL£AR ROADWAY I RAIL NO WELDING OR TACK WELDING TO THE FlANGES Of THE STEEL CHANNELS SHA.L.l BE PE:RMITTEO FOR PANE:LS CAST IN A TRAFFIC SIDE DOWN POSITION THE REINFORCING SftRS SHAlL BE 
ET AND 2 lit' 45 SPitCES AT '1' - 28 -'$' 2 1/t' SUPPORTED FROM ABOVE FOR PANELS CAST IN A TRAF"FlC SIDE UP POSmON THE REINF'ORCINC BARS S.UU. BE SUPPORTED ~ II~ 4 ON MET,t.i. CHAIRS SPACED AT 4 -ff MAXIMUM CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTINUOUS POUR STEEL CHANNELS 51-W.L BE PAINTED WITH TWO COATS OF ZINC RICH PAINT 
w ~ ~ "'Ill ~ PANELS SHALL NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH or 3 ~0 PSI h ~~ HAS BEEN RUCHED TR-2 TRAFFIC RAIL 'lo ~ : u LIFTING NOTES 
TOTAL PANEL WEIGHT • 9 760 LBS 
" " 
I I 
" " -[~- - I PANELS St-W.l NOT BE liFTED AND HANDLED UNTll A MINIMUM CONCRETE STRENGTH OF 3 000 P S I " H I I " " I HAS BEEN REACHED • ' I I " " I ---
" 
--
• -· --
~ --- I -
" 
-
--
" 
I iHE--PANEL-SHALL'-BE SUPPORTED-A!L( MINIMUM AT THE--UrTING LOCATIONS SHOWN ON 
.J1.. .J1.. ..&... .L • .J1.. .J1.. ..&... THE PANEL PI..AN I I THE UFTING SYSTEM USED TO UFT AND HANDLE THE PANEL Stw.L PRODUCE EQUAL LOAD AT ALL UFTING LOCAlTONS 
2-2 1/:ri I EXISTING BEAMS AT 4 -rt MAXIMUM -~ -2 1/t' DESIGNED GLF ~ CONCRETE DECK PANEL 
MAX • MAX ' DRAWN GLF FOR 
• CLE-\RANCE 5}-W.l BE t.WNTAINEO F'OR CROSS SECTION CHECKED GLF 26 -o· CLEAR ROADWAY CONNECTION or TR-2 'TRAFFIC RAil (4 -rt MAXIMUM BE'AJ.I SPACING) 
DATE MAY 1991 
.. 30 -5' 2 SPA. AT 2 SPA AT 
~ ~ I-- 1 1/4 FORMED HOl£5 FOR 4 t/t' = ... ~\ /,; t/t' = ... CHANNEl ({' X 8 2# WITH A1 AND 81 BARS t: 4 EQUAL SPA. 
- 2 1/t' 2 1/t'/ TR 2 TRAfT'IC RAIL CONN J/4 D1A. X ~ HEADED SnJOS 
'\ I J -2151({' I II :: I AT 24 C/C (AU. EDGES) A1 BARS CHANNEL ~ X 8 21 WITH r:::: -~ ~ 3/4 OIA. X 4 HEADED S1VDS ~ llk( "' I~· AT 24 C/C ~ (ALL EDGES) .. ~~ - .. I~({' I .. i 'N I .., ~ 
-
I I I I I I 
SECTION A-A 
UFnNG LOC'ATIONS 3-8" 8 -d' MAXIMUM 8-r!' MAXIMUM 8 -rl' MAXIMUM 3-8" 
PANEL BAR LIST PANEL QUANTITIES 
BAR NAAK SIZE NO FORM LENG'TH ITEM UNIT Q~TITV 
PANEL PLAN At #4 9 STR JO-t CLASS M CONCRETE CY 2 24 
81 ,. 9 STR 30-1 REINFORCING STEEl. GRADE 60 LB 760 
rr #5 52 STR 3-ff' STRUCTURAL STEEL AJCS LB 037 
30 -5' EB #5 02 STR 3 ff' 
2 1/t' 
II 
52- rr #5 X 3-ff' TOP 
II 
2 1/t' 
~2 - EB ~~ X J -i' BOnOM PANEL DESIGN DATA 
A LCW>ING HS20 WITH 20 PSF FUTURE WEARING SURFACE (4 -rf MAXIMUM BrAN SPACING) 
DESIGN MSHTQ - 1989 
WSD LFO 
9 - A1 BARS f4 X 30'-1 TOP CONCRETE ClASS M -- F"c • 3500 PSI 
9- 81 BARS f4 X 30-1 BOTTOM REINFORCING STEEL (GRADE 60) -- F's • 60000 PSI STRUClVRN.. STm A36 Fs • 20000 PSI --
GENERAL NOTES 
A AU. CONSTRUCTION AND MATERIALS SHALL BE IN ACCORDANCE WITH THE 1988 OKLAHOMA STANDARD SPECIFtCATIONS FOR HIGHWAY CONSTRUCTION 
REINFORCING PLAN AND SUPPLEMENTAL SPECIF1CAT10NS 
~ UNIFORM PN-IEL THICKNESS 28 -rf CLEAR ROADNAY WrTH TR-2 METAL TRAFFIC RAIL 
CLASS AA CONCRETE WITH MAXIMUM JGGRECATE 1 DIA. 
1 -2 1 t' 
REINFORCING S..W.L BEGIN N-10 END A UAXIMUtr.t OF '2' FROM FACE OF CONCRETE 
1 -2 1 -r NO WELDING OR TACk WEtDINC OF REINFORCING BARS Stt.'U. BE PERMtTTED 
RAIL 28 -rt' CLEAR ROMNIAY RAJL NO WELDING OR TACk WELOINC TO THE FLANGES OF THE SlEEt C~NELS SHALL BE PERMITTED FOR P~ElS CAST IN A TRAFTIC SIDE DOWN POSITION THE REINFORCING BARS SHALL BE 
rT AND 2 1/'1: 49 SPACES AT T = 28 -T 2 1/'1: SUPPORTED FROM ABOVE FOR PANELS CAST IN A TRAFFlC SIDE UP POSmON THE REINFORCING BARS S~ BE SUPPORTED E81iAiiS IIF 4J ON METAl. CtWRS SPACED AT 4 -rt' MAXIMUM CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTlNUOUS POUR STEEL CHMINELS SHALL BE PAINTED WITH TWO COATS OF ZINC RICH PAINT ~ ~ ~:~e PANELS SH~J.L NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH OF 3 ~00 P S I ~ :~ ~~~ ~ HAS BEEN REACHED TR-2 TRAFFIC r;=- .. ~ RAIL LIFTING NOTES 
TOTAL P.lNEL WEIGHT • 10 470 L9S 
' 
11 I H 11 I • -[~ 11 PANELS SHALL NOT BE UFTED AND HANDLED UNTIL A MINIMUM CONCRETE STRENGTH OF 3 000 P S I H 11 I H 11 I ' 11 HAS BEEN REACHED • n I H 11 I n 11 ~~- 11 -n I -11 __ II _ I 11 11 THE PANEL SHAll BE SUPPORTED AS A MINIMUM AT THE UnlNG LOCATIONS S!'i~ ON _ 
.Jl. .Jl. 
-'- .Jl. .Jl. -'- ;Jl,. .Jl. THE PANEL~ 
I I THE UFTING SYSTEM USED TO UFT .AND HANDLE THE PANEL S~U PRODUCE EQUAL LOAD AT All. LIFTING LOCATIONS 
I 
l2-2 t/t' 2 -• vz:l EXISTING BEAtroiS AT 4 -rf MAXIMUM DESIGNED GLF 6" CONCRETE DECK PANEL 
MAX ' MAX • DRAWN GLF FOR 
• CL.£6.RANCE SHALL BE MAINTAINED FOR CROSS SECTION CHECKED GLF 28 -0" CLEAR ROADWAY CONNECTION OF TR-2 1RAFF1C RAIL (4 -rt' MAXIMUM BEAM SPACING) 
OATE MAY 1991 
lo 18 5 -
s ~ ,-- I 1/4 FORUEO HOL£S FOR .., I 2 1// TR-2 TIWAC RAIL CONN i 
~ ~ 
\ CHANNEL T X 9 8# WITH "' 1.~ ~~ 3/4 OIA. X 4 HE:ADEO STUDS i !.. I 
" 
~ 
-
2 1/'t' 
TR-2 TRAfFIC 
RAIL 
2-2, r 
UAX • 
• CLEARANCE SHALL BE MAINT.-JNEO FOR 
CONNECTION OF lR-2 TRM"FIC RAIL 
AT 24 C/C (ALL EDGES) 
PANEL PLAN 
18 5 
-
36- ET f4 X 3-8" TOP 
36 - ET f4 X J -ff' BOTTOM 
A 
9- A1 BARS 15 X 18-1 TOP 
9 - Bl EWG f!> X 18-1 BOTTOM 
A 
REINFORCING PLAN 
16 -rJ' CLEAR ROAI1NAY 
EXISTING BEAMS AT 5 -ff' MAXIMUM 
CROSS SECTION 
.. 
.. 
2 1/2 
I 
-2 1/'r 
MAX • 
SECTION A-A 
PANEL BAR LIST PANEL QUANTITIES 
BA.R MARK SIZE NO FORM LENGTH ITEU UNIT QUANTITY 
., 
Bl 
ET 
EB 
#5 9 STR 18-1 CLASS M CONCRETE CY 2< 
#5 9 STR 18-1 REINFORCING STEEL GFW>E 60 L8 713 
#4 J6 STR 3-8 STRUCTURAL STEEL AJ6 LB 477 
,. J6 STR 3-8" 
PANEL DESIGN DATA 
LG'DING HS20 WITH 20 P S F ruTURE WE"ARING SURFACE (5 -~ MAXIMUM BEAM SPACING) 
DESIGN MSHTO - 1989 
wso LFO 
CONCRETE CLASS M r"c • J 500 P S I 
REINFORCING STEEL (GRADE 60) F's • 60 000 P S I 
STRUCTURAL STEEL A36 F's • 20 000 P S I 
GENERAL NOTES 
ALL CONSTRUCTION AND MATERIALS SHALl BE IN ACCORDANCE WrTH THE 
1988 OKLAHOMA ST~OARD SPECifiCATIONS FOR HIGHWAY CONSTRUCOON 
AND SUPPLO!ENTAL SPECifiCATIONS 
T UNIFORM PANEL THICKNESS 16 -rJ' CLEAR ROADWAY WITH TR-2 METAL TRAffiC RAIL 
CLASS AA CONCRETE WITH MAXIMUM AGGREGATE 1 OIA 
REINFORCING Slio\LL BEGIN MID END A MAXIMUM OF 'r FROM FACE OF CONCRETE 
NO WELDING OR TACK WELDING OF REINFORCING BAAS S~ BE PERMITTED 
NO WELDING OR TACK WELDING TO THE FLANGES OF THE STEEL CHANNELS SHALL BE PERMITTED 
FOR PANELS CAST IN A TRAFFIC SIDE DOWN POSITION THE REINFORCING BARS SI-W.L BE 
SUPPORTED FROM ABOVE 
FOR PANELS CAST IN A. TRA.FFlC SIDE UP POSffiON THE REINFORCING BARS SHAll BE SUPPORTED 
ON tr.4ETAL CHAIRS SPACED AT 4 -rJ' IMXIMUM 
CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTINUOUS POUR 
STEEL CHANNELS SHALL BE PAINTED WITH lWO COATS OF ZINC RICH PAINT 
PANELS SHALL NOT BE PlACED ON BRIDGE UNTIL A MINIMU!r.4 CONCRETE STRENGTH OF 3 ~0 PSI 
HAS BEEN REACHED 
LIFTING NOTES 
TOTAL PANEL WEIGHT • 7 400 LBS 
PANELS SHAll NOT BE UFTEO AND HA.NDLED UNTIL A MINIUUt-4 CONCRETE STRENGTH OF 3 000 PSI 
HAS BEEN REACHED 
. THE~PANEL SHALL BE SUPPORTED 1>S A -ldfNIMUirAT THE LIFTING LOCATIONS SHOWN ON -
THE PANEL PLAN 
THE UFTING SYSTEM USED TO UF'T AND HANDLE THE PANEL SKA.LL PRODUCE EQUAL LOAD 
AT All. UFTING LOCATIONS 
DESIGNED GLF 7" CONCRETE DECK 
DRAWN GLF FOR 
PANEL 
CHECKED GLF 16 -0" CLEAR ROADWAY (5 -ff" IMXtldUM BEAM SPACING) 
DATE MAY 1991 
20 !f' ,. 
-
~~. ..._ 1 1/4 FORMED HOLES FOR 
- 2 1/T 2 1 /T / TR-2 lRN'FIC ""L CONN 
I I 
-
~ . ~ tk! \ CHANNEL T X 9 B# W1TH r-:;=-: y J/4 DIA X 4 HEADED STUDS i ~ 
" 
AT 24 C/C (ALL EDGES) 
-
PANEL PLAN 
40- ET f4 X J-8' TOP 
40- EB f4 X J-~ BOTTOt.l 
9- A1 BARS f5 X 20-1 TOP 
9-B1BMS#!JX20-I BOTTOM 
TR-Z lRN'FIC 
""L 
I 
2-2 1 '1: 
MAX• 
• CLE'ARANCE SlW.L BE MAINT~NEO FOR 
CONNECTION Of TR-2 TFW'AC RAIL 
REINFORCING PLAN 
1 B -rf' ClEAR RONJIIAY 
EXISTINO BEAMS AT 5 -ff' MAXIMUM 
CROSS SECTION 
A 
A 
.. 
.. 
~~-
I 
2-2 1/'1: 
"""' . 
SECTION A-A 
PANEL BAR LIST PANEL QUANTITIES 
BAR ""'K SIZE NO FORM L£NGTH ITEM UNIT QUANTITY 
A1 
81 
ET 
EB 
#5 9 STR 20-1 CLASS M CONCRETE CY 1 75 
#5 9 STR 20 _,. REINFORCING STEEL GRADE 60 LB 573 
,. 40 STR 
J -· 
STRUCTURAL STEEL A38 LB 515 
,. 40 STR J -8'" 
PANEL DESIGN DATA 
l.IW)INC HS20 WITH 20 P S F ruTURE WEARING SURFACE (5 -ft MAXIMUM SEAM SPACING) 
DESIGN MSHTO - I 989 
wso 
CONCRETE CLASS M f"'c • J SOD P S I 
REINFORCING STEEL (GRADE 60) Fs • 60 000 P S I 
STRUCTUR.'L. STEEL AJ6 F11 • 20 000 P S I 
GENERAL NOnES 
AlL CONSTRUC110N AND MATERIALS Stw..L BE IN NXORDA.NCE WITH THE 
1988 OKLAHOMA ST.tNOARD SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
AND SUPPLEMENTAL SPECIFICATIONS 
T UNIFORM PANEL THICKNESS 18 -11' CLEAR R<W>WAY WITH lR-2 METAL llW'FlC RAIL 
ClASS M CONCR£TE WITH NAXIWUM AGGREGATE 1 DIA 
REINFORCING SHAll BEGIN .N-10 END A MAXIMUM OF T FROM FACE OF CONCRETE.. 
NO WELDING OR TACK WELDING OF REINFORCING BARS SHALL BE PERMITTED 
NO WELDING OR TACK WELDING TO THE FLANGES OF THE STEEl CHANNELS SHAU. BE PERMITTED 
FOR PN>!ElS CAST IN A TRN="fiC SIDE DOWN POSrTION lHE REINFORCING eMS SI-W.l BE 
SUPPORTED FROM ABOVE 
FOR PANELS CAST IN A. TRAFFIC SIDE UP POSmON THE REINFORCING BARS SHH.l. BE SUPPORTED 
ON METAL CHAIRS SPACED AT 4 -ff' MAXIMUM 
CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTINUOUS POUR 
STEEl CHANNELS SHALL BE PAINTED WITH TWO COATS OF ZINC RICH PAINT 
PANElS SHALL NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH OF 3 MD P S I 
HAS BEEN REACHED 
LIFTING NOTES 
TOT.6L PANEl WEIGHT • 8 180 LBS 
PANELS SI-W.l NOT BE llflED AND HANDLED UNTIL A trAINIMUM CONCRETE STRENGTH OF 3 000 PSI 
HAS BEEN REACHED 
THE PANR SHALL BE SUPPORTED AS A MINIMUM AT THE UITING lOCATIONS SHOWN ON 
THE PANEl PI..AN 
__ THE UFTING SYSTEM USED TO UFT AND HANDLE THE PANa_S~_P_ROOUC_E ~QUAl LOA~L __ _ 
AT ALL UniNO lOCATIONS 
D£SIGNED GLF 7" CONCRETE DECK PANEL 
DRAWN GLF roR 
CHECKED GLF 18 -0" CLEAR ROADWAY (5 -8'" MAXIMUM BEAM SPACING) 
.. TE MAY 1991 
~ 
j' 
"' 
,. 22 ~ 
-
CHANNEl T X 9 Sf W1TH ~ ~ !--- 1 1/4' FORMED HOLES FOR 
~ 2 1/T I ~ 2 1/T/ TR-2 1RAFFIC ""L CONN 3//( 014. X 4 HEADED STUDS AT 24' C/C (..U. EDGES) 
~ 
,.:;1=-= 
~ 
-
Jlk( 
I 
-I----
1 
I 
...L. 
I 
I 
2-2 1 T 
MAX. • 
• CLEARANCE SHAll BE MAINTAINED roR 
CONNECnON OF TR-2 TRAFfiC RAIL 
PANEL PLAN 
22-!t' 
44- ET f4 X 3-8' TOP 
44 - EB f4 X 3 -6' BOTTOM 
0 - A1 BARS 15 X 22 -1 TOP 
0- 81 BARS#!> X 22-1 BOTIOM 
-I-
I 
...L. 
REINFORCING PLAN 
20 -Cf CLEAR RONHAY 
EXISl1NG BEAMS AT 5 -ff' MAXIMUM 
CROSS SECTION 
A 
A 
~ 
.. 
.. 
I 
2-2 1/'1: 
MAX • 
SECTION A-A 
PANEL BAR LIST 
CHANNEL r X g 9 WITH 
3/4 OIA X 4 H£AOED STUDS 
AT 24 C/C 
(..U. EDCES) 
PANEL QUANTITIES 
BAR MARK SIZE NO FORM LENGTH ITEM UNIT QUANTITY 
A1 
81 
ET 
EB 
#5 9 STR 22 -I ClASS M CONCRETE CY 1 92 
f5 9 STR 22 -I REINFORCING STEa GRAD£ 60 lB 6JO ,. 44 STR J -8 STRUCTURAL STEEl A38 LB 573 
,. •• STR J-8' 
PANEL DESIGN DATA 
LD.'DING HS20 WITH 20 P S F runJRE WEARING SURFACE (5 -ft MAXIMUM BfAM SPACING) 
DESIGN MSHTO - 1989 
wso LFO 
CONCRETE CLASS M rc • 3 500 P S I 
REINFORCING STEEL (GRADE 60) Fs • 60 000 P S I 
STRUClUML STEEL A36 Fs • 20 000 P S I 
GENERAL NOTES 
AU. CONSTRUCTION AND MATERIALS SHALL BE IN ACCORDANCE WITH THE 
1988 OKLAHOMA ST.ANOARD SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
AND SUPPLEMENTAL SPECifiCA.TIONS 
"r UNIFORM PANEL THkl<NESS 20 -ff' CLEAR ROMJNAY WITH TR-2 METAL TRAFFIC RAIL 
CLASS M CONCRETE WITH MAXIMUM AGGREGATE 1 DIA 
REINFORCING SIW..L BEGIN MID END A. t.IAXIMUM OF 'r FROM FACE OF CONCRETE 
NO WELDING OR TACK WELDING OF REINFORCING BARS SHALL BE PERMmED 
NO WElDING OR TACK WElDING TO THE Fl.ANGES OF THE SlEEt CHot.NNELS SHALL BE PERMITTED 
FOR PN-IELS CAST IN A TAAFnC SIDE DOWN POSITION THE REINFORCING eMS SHALL BE 
SUPPORTED FROM ABOVE 
FOR PANELS CAST IN A TAAfflC SIDE UP POSmON THE REINFORCING BARS SHALL BE SUPPORTED 
ON METAL CHAIRS SPACED AT 4 -0"' MAXIMUM 
CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTlNUOUS POUR 
STEEL CHMINELS Sf-W.l. BE PAINTED WITH TWO COATS OF ZINC RICH PAINT 
PANELS SHAU. NOT BE PLACED ON BRIDGE UNTIL A MINIMUM CONCRETE STRENGTH OF 3 500 P S I 
HAS BEEN REACHED 
LIFTING NOTES 
TOTAL PANEL WEIGHT • 8 !)80 LBS 
PANELS SH4U. NOT BE UFTED AND HANDLED UNTIL A MINIMUM CONCRE.TE STRENGTH OF 3 000 P S I 
HAS BEEN REACHED - - --·- ·- -- -
THE PANEt SHALl. BE SUPPORTED .AS A MINIMUM AT THE untNG LOCAnONS SHOWN ON 
THE PANEL Pl.NII 
THE UFTING SYSTEM USED TO UFT AND HANDLE THE PANEL SHALL PRODUCE EQUAL LCW) 
AT ALL UFTING LOCAnONS 
DESIGNED GLF 7' CONCRETE DECK 
DRAWN GLF FOR 
PANEL 
CHECKm GLF 20 -o• CLEAR ROADWAY (5 -~ MAXIMUM BEAM SPACING) 
DATE MAY 1991 
"' 
24 5 
-
~ ~- - I 1/~ FORNED HOLES FOR CIWINEL T X 9 8# WITH 
- 2 1/'r 2 1/'r / tR-2 TIWTIC RAIL CONN 3/4 DIA.. x 4' HEADED sruos 
'\ Z I AT 24 C/C (ALL EDGES) 
I~ !~ r-:;~ .. 
·j·- .. 
I I~ ::: 
-
UFliNG LOCATIONS ll-...:3~-::!rt~+-.!!8..:-:!.rf_:...,.="'""'=--1---"8..:-<f'"'-.._,...,.="'""'=--t---'•..:-;:,rfc....:IWC=IW:>Uiol:.._+---"3..:-:!.rf-i 
PANEL PLAN 
24-5" 
4B- El #4 X 3-11' TOP 
48 - EB #4 X 3 -t/' BOTTOM 
I 
9 - AI IW<S f5 X 24-1 TOP 
9 - 81 EWm fr, X 24 -1• BOITOM 
i 
:1. 
I 
I 
2-2 I 'r 
... . 
i 
~ -.l. 
• CLEARANCE SIW.l BE MAINTAINED FOR 
CONNECTION Of' TR-2 TRNFIC RAIL 
REINFORCING PLAN 
22 -rr CLEAR ROAfMAY 
I 
I 
I 
~.l,~ 
EXISTING BEAMS AT 5 -~ NAXIMUM 
CROSS SECTION 
A 
A 
i 
..L.-
I 
2~2 1/'r 
.... 
2 1/'r 
AI ANO Bl 
SECTION A-A 
PANEL BAR UST PANEL QUANTITIES 
BAR t.IARK SZE NO FORM LENGTH ITEY UNIT QUANTIIY 
AI #5 9 StR 24-1 CLASS M CONCRETE CY 209 
91 #5 9 StR 24 _,. REINFORCING STEEL GRADE 60 LB 687 
El #4 48 StR 3-11' STRUCTURAL STEEL A3G LB 814 
EB #4 •• StR 3-11' 
PANEL DESIGN DATA 
La..DING HS2D WITH 20 P S F F'lJlURE WEARING SURFACE (5 -ff' MAXIMUM BtAW SPACING) 
DESIGN MSHTO - 1989 
WSD LfD 
CONCRETE CLASS M rc • 3 500 P S I 
REINFORCING STEEL (GRADE 60) F"s • 60 000 PSI 
STRUClURAL. STEEL AJ6 Fs • 20 000 P S I 
GENERAL NOTES 
AU. CONSTRUCTION AND MATERIALS SH.tril BE IN ACCORDANCE WITH THE 
1988 OKLAHOMA STANDARD SPECIFICATIONS fOR HIGHWAY CONSTRUCTION 
AND SUPPLEMENTAL SPECIFlCATIONS 
T UNIFORM PANEL THICKNESS 22 -fl' CLEAR ROADWAY WITH TR-2 METH.. TRAFfiC RAIL 
CLASS AA CONCRETE WITH MAXIMUM AGGREGATE 1 DIA. 
REINFORCING SK6.l.l BEGIN AND END A t.IAXIMUM OF 'r FROM FACE OF CONCRETE. 
NO WELDIIIK> OR TACK WELDING OF' REINfORCING EWtS SHALL BE PERMITTED 
NO WElDING OR TACK WElDING TO lHE FLANGES OF' THE STEEL CHANNELS SHALL BE PERMITTED 
FOR PANElS CAST IN A TRAFflC SIDE DOWN POSIDON lHE REINFORCING ~ SHoW. BE 
SUPPORTED FROY ABOVE 
FOR PANELS CAST IN A TRAF'FlC SIDE UP POSmON lHE REINFORCING BARS S~ BE SUPPORTED 
ON METAl. CtWRS SPACED AT 4 -rf ~IMUM 
CONCRETE IN EACH PANEL 51-W.l. BE POURED IN ONE CONl1NUOUS POUR 
STEEL CHmNELS SHAll BE PAINTED WllH lWO COA.TS OF ZINC RICH PAINT 
PANELS SHALL NOT BE PLACED ON BRIDGE UNTIL A MINIMUW CONCRETE STRENGTH OF 3 ~00 P S.l 
HAS BEEN REACHED 
UFTING NOTES 
TOTAL PANEL WEIGHT • 9 no LBS 
PANELS SHALL NOT BE Urn:O AND IWIDLED UNTIL A NINIMUN CONCRETE StRENGTH OF 3 000 P S I 
HAS BEEN REACHED 
THE PANEL SHAU. BE SUPPORTED /IS A MINIMUM AT THE -UnlNG LOCATIONS SHOWN ON -
THE PANEL PLAN 
THE UFTING SYSTEM USED TO UFT .AND HANDLE THE PANEL SHALL PRODUCE EQUAL LOAD 
AT ALL UmNG LOCA.TlONS 
D£SICNED GLF 1' CONCRETE DECK 
DRAWN GLF FOR 
PANEL 
CHECKED GLF 22 -ct' CLEAR ROADWAY (5 -II' ...,.!NUN BEAN SPACING) 
OATE IJ.AY 1991 
lo 
~ 
i 
-
., 
i 
" 
26 5' 
-
~· ~ 1 1/4" rDRNED HOUS FOR e~WjNEL T X 9 8# W1TH I 2 1// m-2 11WF1C RAIL CONN 3/4 OIA. X 4 HEADED STUD'S 
I~ 
~f=-= 
I~ 
-
AT 24 C/C (ALL EDGES) 
!'V 
•j·-
PANEL PLAN 
26-5' 
52- rT #4 X 3-8" TOP 
52 - EB f4 X 3 -f!' BOTION 
e- A1 BARS IS X 2&-1 TOP 
9 - 81 BAAS 15 X 26 -1 BOTTON 
I 
I 
--a. 
I 
I 
2-2 1 -r 
~· . 
• CLEARANCE StW.L BE IMINTAINED FOR 
CONNECTION OF TR-2 TRMFIC RA!L 
REINFORCING PLAN 
24 -fl' ClEAR ROA!NIA.Y 
49 SPACES AT ff' - 24 -ff 
EXIS11NG BEAMS AT 5 -ff' MAXINU'-' 
CROSS SECTION 
i 
..&.. 
'\ 
.. 
.. 
A 
A 
I 
2'-2 1/Z' 
""' . 
A1 AND 81 
SECTION A-A 
PANEL BAR UST PANEL QUANTITIES 
B'.R MARK SIZE NO FOR~ LENGTH IT~ UNIT OUANTilY 
., ,. • S1R 26-1 CLASS M CONCRETE CY 81 IS • STR 26-1 REINFORCING STEEL GRADE 60 LB. 
rT ,. 52 STR J-8" STRUCTURAL STEEL A.ltl LB 
EB ,. 52 STR J-8" 
PANEL DESIGN DATA 
LOADING HS20 WllH 20 P S F FUruRE WEARING SURFACE (5 -ft MAXIMUM BEAM SPACING) 
DESIGN .MSHTO - 1989 
WSD LFD 
CONCRETE CLASS M F"c • 3 500 P S I 
REINFORCING STEEL (GRADE BD) F's • 60 000 PSI 
STRUClVFW.. STEEL A36 F's • 20 000 P S I 
GENERAL NOTES 
All C0NSTRUC110N AND WATERlALS SHALL BE IN ACCORDANCE WITH THE 
1988 OKLAHOMA STANDARD SPECIFICATIONS FOR HIGHWAY CONSTRUCTION 
AND SUPPLEMENTAL SPECifiCATIONS 
1' UNIFORM PANEL THICKNESS 24 -C!' CLEAR ROM:MA.Y WITH TR-2 METAL TRAFflC RAIL 
CLASS M. CONCRETE WITH MAXIMUM AGGREGATE 1 DIA. 
REINFORCING SI-W.L BEGIN HID END A MAXIMUM OF "r FROM f'ACE OF CONCRETE. 
NO WELDING OR TACK WELDING OF REINFURCING BARS Stw..L. BE PERMITTED 
NO WELDING OR TACK WELDING TO lHE FLANGES OF THE STEn CHANNELS SHAll BE PERMITTED 
FOR PHIElS CAST IN A Ttw='FIC SIDE DOWN POSnlON lHE RDNFORCING BMS SHALL BE 
SUPPORTED FROM ABO\IE 
FOR PANELS CAST IN A TRAFFIC SIDE UP POSmON THE REINFORCING BARS SHAU. BE SUPPORTED 
ON METAl CHAIRS SPACED AT 4 -~ t.W<IMUM 
CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTINUOUS POUR 
STEEL CHANNELS SHALL BE PAINTED WITH TWO COATS OF ZINC RICH PAINT 
PANns SHAll NOT BE PLACED ON BRIDGE UM"IL A t.tiNIMUM CONCRETE STRENGTH OF' 3 500 P S.l 
HAS BEEN REACHED 
UFTING NOTES 
TOT Ill. PANEL WEIGHT • 10 590 LBS 
PANELS St-W.L NOT BE UFTED AND HANDLED UNTIL A MINIMUM CONCRETE STRENGTH OF 3 000 P S I 
HAS BEEN REACHED 
THE PANn SHALL_BE SUPPORTEO_AS A. __ M!~I_MUM_AT._THE UnlNG LOCATIOHS SHOWN ON 
THE PANEL PLAN 
THE LIFTING SYSTEM USED TO UFT AND HANDLE THE PANEL SHALL PRODUCE EQUAl l.OA.O 
AT ALL UFTING LOCA110NS. 
2 27 
744 
653 
DESIGNED GLF 7" CONCRETE DECK PANEL 
DRAWN GLF FOR 
CHECKED GLF 24 -o" CLEAR ROADWAY (5 -r!' ""'I~U~ 8EA~ SPACING) 
DATE MAY 1991 
1-' 
w 
0 
~ 
I 
"' 
28 -5" .. ~ 6 J/4 r I-- 1 1/4 FORMED HOl!S FOR CIW<NEL T X 9 8* WlTH 
..- ~ 2 1/2"'_ / TR-2 TRAFAC RAIL CONN 3/4 DIA.. X 4 HEADED STUDS \ 
~ I / AT 24 C/C (ALL EDGES) 
~~~========================~====~ ~ jk( ~E-;: 
~ 
ojo-
-
PANEL PLAN 
28-5 
56-ET#4XJ-8"TOP 
56 - EB f4 X 3 -fr BOTTOU 
A 
.. 
.. 
2 1/2 
II ~=========r========================~====~ 
1 -2 I 'L* 
RAIL 
II 
II 
9- A1 BARS 15 X 28-1 TOP 
9- 81 ~S f5 X 28-1 BOTIOt-A 
REINFORCING PLAN 
26 -fJ' Q.EAR ROADWAY 
53 SPACES AT f!{' • 26 -Er 
I 
--- -- II 
I 
I 
I 
I 
II 
II 
II 
II 
: 
I 
...!. • .Jl. 
I 
I 
2-2 1/2"i 
MAX • 
.J.,. 
• CLEARANCE SHALL BE t-tNNTAINED F'OR 
CONNECTION OF TR-2 TRAFfiC RAIL 
• .Jl.. 
EXISTING BEAMS AT 5 -~ t.lAXIt.IUM 
CROSS SECTION 
I 
I 
A 
1 -2 !!!' I RAIL 
9 2 1/2 
iilB 
~l~ ~ ~ ~ " "'" 
-1[ f -1~ i II II -II 0 I 
.Jl. .J.,. 
I 
12-2 1/1:' 
MAX 
CHANNEL 1' X 9 8f WITH 
3/4 CIA. X 4 HEADED STUDS 
AT 24 C/C 
("'-L EDGES) 
SECTION A-A 
PANEL BAR LIST PANEL QUANTITIES 
BAR MARK SIZE NO FORM LENGTH ITEM UNIT OU.AA!TJTY 
AI #5 9 SIR 28 -I CLASS M CONCRETE CY 
81 is 9 STR 28 -I REINFORCING STEEL (GRADE 60) LB 
[T ,. 56 STR J .. STRUCTURAL STEEL AJ6 LB 
EB ,. 56 SIR J-8" 
PANEL DESIGN DATA 
Ltm>ING HS20 WITH 20 P SF FUTURE WEARING SURFACE (5-0 MAXIMUJ.4 8EAJ.4 SPACING) 
DESIGN MSHTO - 19B9 
CONCRETE CLASS M 
REINfORCING STEEL (GRADE 60) 
STRUCTURAL STEEL AJ6 
GENERAL NOTES 
WSD 
fs • 20000 PSI 
l.FO 
fc • .3500 PSI 
fs • 60000 PSI 
ALL CONSTRUCTION AND MATERIALS SH.AJ..L BE IN ACCORDANCE WrrH THE 
1988 OKLAHOMA ST.ANOARO SPECifiCATIONS fOR HIGHWAY CONSTRUCTlON 
AND SUPPLEMENTAL SPECifiCATIONS 
T UNIFOR~ PANEL THICI<NESS 26 -rt CLEAR ROADWAY WITH TR-2 METAL TRAfFIC RAIL 
CLASS AA CONCRETE WITH t.IAXIMUM AGGREGATE 1 DIA 
REINFORCING SHAll BEGIN AND END A MAXIMUJ.4 Of "L' FROU FACE OF CONCRETE 
NO WELDING OR TACK WELDING Of REINFORCING BARS SHH..L BE PERMITTED 
NO WELDING OR TACK WELDING TO THE FLANGES Of THE STEEL CHI.NNELS SHALL BE PERMITTED 
FOR P#IELS CAST IN A TRAFFIC SIDE DOWN POSITION THE REINfORCING 8'RS SHALL BE 
SUPPORTED FROM ABQ\1£ 
FOR PANELS CAST IN A TRAFnC SIDE UP POSmON THE REINFORCING BARS SH;U BE SUPPORTED 
ON METAL CHAIRS SPACED AT 4 -()"" MAXI1.1UI.4 
CONCRETE IN EACH PANEL 51-W.l BE POURED IN ONE CONTINUOUS POUR 
STEEL CHN>INELS SI-W.L BE PAINTED WITH TWO COATS OF ZINC RICH PAINT 
PANELS SH..a..LL NOT BE PLACED ON BRIDGE UNTIL A 1.11NIJ.4UM CONCRETE STRENGTH Of 3 ~0 PSI 
HAS BEEN REACHED 
LIFTING NOTES 
TOTAL PANEL WEIGHT • 11 380 LBS 
PANELS SI-W.L NOT BE LIFTED AND HANDLED UNTIL A MINI1.1UI.1 CONCRETE STRENGTH Of 3 000 PSI 
HAS BEEN REACHED 
THE PANEL SHALL BE SUPPORTED AS-A MINIMUM AT THE LIFTING lOCATIONS SHOWN ON 
THE PANEL PL..AN 
THE LIFTING SYSTEM USED TO UFT AND HANDLE THE PANEL SHALL PRODUCE EQUAL LOAD 
AT ALL LifTING LOCATIONS 
DESIGNED 
244 
802 
692 
GLF 7' CONCRETE DECK PANEL 
DRAWN GLF FOR 
CHECKED GLF 26-0 CLEAR ROADWAY (5 -~ lr.fAXIMUM BEAM SPACING) 
DArE MAY 1991 
1-' 
w 
1-' 
,. 30-
~ ~ I-- 1 1/4 FORMED HOU:S roR CHANNEL T X 9 8* WllH 
- 2 1/'Z' 2 1/'Z'/ TR-2 TRAFflC RAJL CONN 3/4 OIA. X 4 HEADED SlUOS 
: I AT 24 C/C (ALL EDGES) 
~ 1rv ~f=-= ojo-I ~ :: 
-
PANEL PLAN 
30 -5" 
60- ET #4 X 3-8" TOP 
60 - EB f4 X 3 -e"' BOTTOM 
. 
9 - AI BAAS 15 X 30 -1 TOP 
ET AND 
Eii""BN<S 
• 81 Q6.RS ~~ X 30-1 BOTTOM 
II 
1 
I 
2-2 1/1' 
• CLEARANCE SHALL BE MAINTAINED FOR 
CONNECTION Of TR-2 TRAFFIC RAIL 
REINFORCING PLAN 
28 -0 CLEAR ROADWAY 
57 SPACES AT ~ • 28'-6" 
II 
II 
II 
II 
.Jl. 
EXISTING BEAMS AT 5 -6 MAXIMUM 
CROSS SECTION 
'\ 
A 
A 
II 
II 
II 
II 
.. 
.. 
.Jl,. 
I 
I 
2-2 1/1' 
""" . 
A1 AND 81 
CHANNEL I X 9 8f WITH 
3/4 OIA. )( 4 HEADED snJOS 
SECTION A-A 
I PANEL BAR LIST 
AT 24 C/C 
("'-L EDGES) 
PANEL QUANTITIES 
NO I rORM I LENGTH ITEM UNIT QUANTITY 
STR 30-1 ClASS M CONCRETE CY 
STR 30-1 REINFORCING STEU GRADE 60 LB 
60 STR 3-8" STRUCTURAL STEEL A.J6 LB 
60 STR 3 -8" 
PANEL DESIGN DATA 
LO'DJNG HS20 WITH 20 P SF fUTURE WEARING SURFACE (5-6" MAXIMUM BtAM SPACING) 
DESIGN MSHTO - 1989 
WSO LfO 
CONCRETE ClASS M f c - .:5 500 P S I 
REINFORCING STEEL (GRADE 60) fs • 60 000 P 5 I 
STRUCTURAL STEEL AJ6 fs • 20 000 P S I 
GENERAL NOTES 
ALL COI'-ISTRUCTlON AND MATERIALS SHALL BE IN ACCORD.ANCE WITH THE 
1988 OKLAHOMA STANDARD SPECIFICATIONS fOR HIGHWAY CONSTRUCTION 
.t.ND SUPfLEt.IENTAL SPECifiCATIONS 
r UNIFORt.l PANEL THICKNESS 28 -cf CLEAR ROADW"Y WITH TR-2 ldET.tL TRAFfiC AAIL 
CLASS M CONCRETE WITH t.IAXIMUM AGGREGATE 1 DIA 
REINFORCING SHAlL BEGIN AND END A MAXIMUM OF "r FROU FACE OF CONCRETE 
NO WELDING OR TACK WELDING OF REINFORCING BARS SHAI...L BE PERMITTED 
NO WELDING OR TACK WELDING TO lHE F~S OF THE STEEL CHANNELS SHALl. BE PERMrnED 
FOR PANELS CAST IN A TR.fr.FFJC SIDE DOWN POSITION lHE REINFORCING BAAS Sti4.LL BE 
SUPPORTED FROM ABOVE 
FOR PANELS CAST IN A TRAFAC SIDE UP POSmON THE REINFORCING BARS SHALL BE SUPPORTED 
ON METAL CHAIRS SPACED AT 4 -if W.XtlAUM 
CONCRETE IN EACH PANEL SHALL BE POURED IN ONE CONTINUOUS POUR 
STEEL CHANNELS 51-W.L BE PAINTED WITH lWO COATS OF ZINC RICH PAINT 
PANELS SHAlL NOT BE PLACED ON BRIDGE UNTIL A M1NIIo4UM CONCRETE STRENGTH Of J ~0 PSI 
H.A.S BEEN REACHED 
LIFTING NOTES 
TOTAL PANEL WEIGHT • 12 180 LBS 
PANELS SHAll NOT BE LIFTED AND HANDLED UNTIL A MINIMUM CONCRffi STRENGTH OF J 000 P S I 
HAS BEEN REACHED 
THE PANEL SHALL BE SUPPORTED AS A MINIMUM AT THE LIFTlNG LOCATIONS SHOWN ON THE--PANEL PL..AN --- ~·---- ~ --- -- -~-- - -----
THE LIFTING SYSTEM USED TO UFT .AND HANDLE THE PANEL SHALL PRODUCE EQUAL LOAD 
AT AU. LIFTING LOCATIONS 
DESIGNED 
2 61 
859 
747 
GLr 7 CONCRETE DECK PANEL 
DRAWN GLF FOR 
CHECKED GLr 28 -o· CLEAR ROADWAY {5 -ff' MAXIMUM BEAM SPACING) 
DATE MAY 1991 
B 
A 
SHIM NOT REQUIRED 
~ 
I 
----4 
\ CONNECTION PLATES AT ENDS OF 
BRIDGE DECK AS NEEDED 
BRIDGE DECK PLAN 
DETAIL "A 
t' X ~ X REQUIRED THICKNESS 
TACK WELD TO CHANNEL 
SHIM REQUIRED 
-
B 
A 
lk......-y _ _,\s;~...., _ _,_\so, 
I II II 
I II II 
1 
SECTION A-A 
ALTERNATE WITH SECTION B-B 
\S:, 
' II 
][ 
.Jl. 
1 II 
I II 
rl 1 1 II JL I II 
- .Jl. 
SECTION C-C 
SECTION B-B 
AL.TERNo\TE WITH SECnON A-A 
CONNECTION PLATE DETAIL 
NOTES 
THE CONNECTION PLA1ES AND SHIMS SHAll BE PAINTED WITH TWO COATS 
OF ZINC RICH PAINT 
THE SEQUENCE OF ALIGNMENT AND CONNECTION Of THE PANELS TO THE 
BRIDGE BEAMS IS /4S FOLLOWS 
ALIGN PANEL TIGHT FIT THE CONNECTION PlATE AGAINST BEAM AND 
WELD AS SHOWN IN DETAl A AUGN NEXT PANEL .AND WELD J.S 
SHOWN IN SECTION C-C THE GROOVE WELD SHJ.U.. BE PAINTED WITH 
~~-~_1?!-.!_5 __ 0£: ~INC RICH PAINT 
DESIGNED GLF 
CONNECTION DETAILS 
DRAWN GLF 
FOR 6 AND 7 
CHECKED GLF CONCRETE DECK PANELS 
DATE MAY 1991 
..... 
w 
w 
18-5 
r1 CHANNEL WITH J/4 DIA X 4 ICAl HE:ADED STUDS AT 24 C/C JD-5 I I 
~ / J/4 DIA BAR ~ -0 (R: :1:/1: : J\~: 1: :~I "-· TYPICAL ./ TYPICAL . . . . . 
16 -rf' CLEAR ROADWAY 28 -rf' CLEAR ROADWAY 
20-5 28-5 
I I I I (If:: : I : : I : :~I (]r:: : I :/~~: I : :~I 
18 -rf' CLEAR ROADWAY 26 -0" CLEAR ROADWAY 
22-5" 26 -,;' 
I I I I (If:: :1: /I\: 1: :~I (If:: : I : :/I\: :1: :~I 
20 -rf' CLEAR ROADWAY 24 -0 CLEAR ROADWAY 
24-5 d d 
I I ~ ~ NOTES u u (ir: :1: ZIS: II: : Jl ~ "' C~NELS SHALL BE C7 X 9 8 FOR 7' PHIELS N<D C6 X 8 2 FOR (f' PANELS ~> ALL CROSS MEMBERS SHALL BE J/4 DIA BAR -~ 
BAR DESIGNED GLF 
22 -rf' CLEAR ROADWAY STEEL CHANNEL FRA!olES 
DRAWN GLF FOR 6 AND r SECTION A-A 
CHECI<ED GLF CONCRETE DECK PANELS 
OAT£ MAY 1991 
APPENDIX C 
COUNTY SURVEY PACKET 
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U!ECIEW-
w-...CGunly~ 
oiZOS--108 
-01<74003 
Olllco )918) 338-0330 
llom.l918)536-3315 
HANK YORK.---CGunly~ 
POBoxll29 
-01<73080 
Olllco 14051 527 311 7 
8om.)405)ol85-3388 
1140NW 83n1Suilo103 
Oldlllamo Clly Oldlllamo 73118 
1405)840-8582 
Board of County cammiss1oners 
Noble county 
Box 409 
Perry OK 73077 
Dear Camm1ss1oners: 
WENDEIJ. VINCI.. -...ry!T-
-Counly~ 
-101 
Enoi.OI<73701 
Olllco 14051237-11227 
llom.l405)883-2275 
June 22, 1990 
The Department of C1v11 Enqineer1nq at Oklahoma State University in 
assoc1at1on w1th the Oklahoma Deiartment of Transportat1on and Center 
for Local Government Technoloqy s conduct1nq a research project a1med 
at the replacement of decks on county br1dqes. The proJect Involves 
the development of a precast concrete panel system for bridqe deck 
replacement and a compar1son of th1s system to methods presently ~e1nq 
used for deck replacement. The system 1s pr1mar1ly a1med toward 1 
ut1l1z1nq county forces 1n the construct1on and placement of the ' 
precast panels. The br1dqes be1nq taryeted for studf have steel beams, 
a substructure 1n reasonably qood cond t1on, and an 1nventory load 
rat1nq of 10 tons or qreater. 
A ser1es of precast concrete panels is be1nq developed to enc9mpass 
the var1ety of ex1st1nq br1dqe w1dths and beam spacinqs presently found 
on the county road system. These concrete panels prov1de clear roadway 
w1dths of 16 1 -0" to 28-0" on 2 1 -0" 1ncrements. See the attached 
SKetches for 1nformat1on concerninq the panels and placement of the 
panels on the br1dqe. 
Collect1on of ~ata perta1n1nq to the ab1lity of county forceslto 
construct the precast concrete panels at county fac1l1t1es, transport 
the panels to the br1dqe s1te, and place the panels on the br1dqe 1s 
v1tal to the research proJect. Please complete the enclosed ' 
quest1onna1re for your ent1re county (not d1str1cts) and return usinq 
the enclosed envelope. The accuracy of the informat1on rece1ved will 
qreatly effect the results of the study. Your t1me and cooperat1on 
are qreatly apprec1ated on this proJect. 
+~ Lee Chew 
Attachments 
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I 
Transverse Concrete Panel 
T 
l j 
NOTE· Guardra11 not shown 
for clar1ty 
PLAN 
Guardra11 
ELEVATION 
CONCRETE PANEL BRIDGE DECK REPLACEMENT SYSTEM 
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* 6" 
Steel Channel 
SECTION A-A 
or7" ~ 
r---.: /. 
4'-o•/ 
18 1 -511 
(2 1 -011 
CONCRETE DECK PANEL 
DESIGN DATA• 
HS20-44 LoadJ.ng 
Grade 60 ReJ.nforcJ.ng 
F'c = 3500 psl. 
* 611 panel for beam spacJ.ngs up to 4'-0" 
7 11 panel for beam spacJ.ngs up to 5 1 -6 11 
COUNTY. 
A. CA§TING fACILITIES: 
Person complet1ng Form. 
Phone Number· Date: 
1. Do you have an outs1de flat concrete slab area that could be used 
as a cast1ng bed? yes____ no __ __ 
If yes, what s1ze? ft. long x __ _ ft. w1de 
2 Do you have a flat slab area 1n a bu1ld1ng that could be used as a 
cast1ng bed? yes ____ no __ __ 
If yes, what s1ze? ft. long x ft. w1de. 
If yes, 1s the bu1ld1ng heated? yes ____ no __ __ 
B. EQUIPMENT: 
1. Check the equ1pment your county presently owns and g1ve the safe 
l1ft1ng capacity for a br1dge deck replacement proJect us1ng these 
panels. Check the "borrow" and/or "lease" column 1f you have 
access to equ1pment. (See attached equ1pment p1ctor1al sheet.) 
L1ft1ng Cap 
(lbs) 
Crawler mounted crane (f1xed boom) 
Truck mounted crane (f1xed boom) 
Self propelled crane w1th 
telescop1c boom 
Wheel tractor W1th front loader 
W1nch trucks -
- less than 5 1 000 lbs. cap. 
- 5,000 to 10,000 lbs. cap. 
- 10,000 to 15,000 lbs. cap. 
- greater than 15,000 lbs. cap. 
Other -----------------------
own Borrow 
(Quant) (X) 
Lease 
(X) 
2. Do you have a truck wh1ch could safely transport one or more 
4' x 711 x 30 1-511 concrete panels (10,700 lbs. each) from the 
cast1ng area to the bridge s1te? yes ____ no __ __ 
C. PERSONNEL: 
1. Number of county personnel w1th concrete and br1dge ma1ntenance 
exper1ence. 
Exper1ence 
less than 1 year 
1 to 5 years 
more than 5 years 
Number of Personnel 
Range of hourly wages 
M1n. $/hr. Max. $/hr. 
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Crawler Mounted Crane 
(f~xed boom) 
Self Propelled Crane 
(telescop~nq boom) 
W~nch Truck 
Truck Mounted crane 
(f~xed boom) 
Wheel Tractor w~th 
Front End Loader 
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